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REAL PARTY IN INTEREST 



The real parties in interest in the instant appeal are Assignees, Dental Marketing 
Specialists, Inc., an Arizona corporation, 9377 E. Bell Road, Suite 385 Scottsdale, 
Arizona 85260, and Jerry W. Bains and Salee C. Bains Irrevocable Trust, 9013 Red 
Lawrence Drive, Carefree, Arizona 85377. Subsequent to the assignment recordal for 
the instant application, the address of Dental Marketing Specialists, Inc., changed to 7364 
East Crimson Sky Trail, Scottsdale, Arizona 85262. Also, subsequent to the assignment 
recordal for the instant application, the address of Jerry W. Bains and Salee C. Bains 
Irrevocable Trust, changed to 39096 N. 102 nd Way, Scottsdale, Arizona 85262. 



RELATED APPEALS AND INTERFERENCES 



There are three other appeal proceedings known to Appellant's legal 
representatives, which may be related to, directly affect, or may have a bearing upon the 
Board's decision in the pending appeal. Such appeal proceedings are: 

1. Co-pending Serial No. 09/794,456, filed February 27, 2001, in which 
Appellant's Brief was filed with the Patent and Trademark Office 
(hereinafter "PTO") on February 6, 2009; 

2. Co-pending Serial No. 10/179,589, filed June 25, 2002, in which a Notice 
of Appeal was filed with the PTO on February 19, 2009; and 

3. Co-pending Serial No. 09/064,000 filed April 21, 1998, in which a Notice 
of Appeal was mailed to the PTO on May 20, 2009. 

There are no related interferences or judicial proceedings known to Appellant, 
Appellants' legal representatives, or Assignee, which may be related to, directly affect, be 
directly affected by, or may have a bearing on the Board's decision in the pending appeal. 
The attached Related Appeals and Appendix confirms the above statements. 



STATUS OF CLAIMS AND CLAIMS UNDER APPEAL 



Claims 1-5 were cancelled in the Preliminary Amendment filed April 17, 2001. 
Claims 204, 205, and 237 were cancelled in the Amendment filed February 17, 

2004. 

Claim 243 was cancelled in the Amendment filed March 2, 2009. 

Claims 245, 246, 248, 249, 252, 264-267, 272-279, 286, and 287 were cancelled 
in the Amendment filed October 15, 2007. Such or similar claims are pending in co- 
pending applications Serial No. 11/605,153, filed November 28, 2006 and Serial No. 
09/794,456, filed February 27, 2001. By cancelling such claims, Appellant has chosen to 
reduce the number of issues for the instant appeal and does not acquiesce to, or in any 
way agree with, the correctness of any rejection of these claims in the prosecution of the 
present application. 

Claims 254-256 were cancelled in the Amendment filed November 21, 2005. 

Claims 6-235 and 240-242 stand withdrawn, by the PTO, from consideration as 
being directed to a non-elected invention. As set forth above, claims 204 and 205 were 
cancelled by Appellant in the Amendment filed February 17, 2004, and thus were 
incorrectly identified by the PTO as being withdrawn. 

In view of the cancellation of the above-identified claims, the correctness of the 
PTO's rejection in the Office Action dated October 2, 2008, (hereinafter referred to as 
"the Office Action") of claims 236, 238, 239, 244, 247, 250, 251, 253, 257-263, 268-271, 
280-285, and 288-290 under 35 U.S.C. §112, first paragraph, for lack of enablement, 
constitutes the sole issue on appeal. 
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STATUS OF AMENDMENTS 

An Amendment correcting a typographical error in claim 239 (which incorrectly 
identified the dependency of claim 239) was filed on February 21, 2008. No indication 
was given in the Office Action that such Amendment was entered. Claim 239, as shown 
in Claims Appendix, indicates the correct dependency. 

In addition, an Amendment canceling claim 243 and changing the dependency of 
claims 244 and 260 to depend upon claims 236 and 244, respectively, was filed March 2, 
2009. No indication has been received from the PTO that this Amendment was entered. 
The Claims Appendix indicates such Amendment. 
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SUMMARY OF CLAIMED SUBJECT MATTER 



Appellant's invention is directed to a method of using well-known compositions 
(materials), old and well-known administration techniques for such compositions, and 
equally old and well-known medical apparatus to produce a novel result, i.e., the use of 
growth factors, including a cell (stem cell), such as bone marrow stem cells ("BMC's"), 
to grow a new artery and new cardiac muscle in the heart of a human patient and also to 
growing such new artery and cardiac muscle and repair a dead or damaged portion of a 
heart. Antecedent bases in the specification for various claim elements are included 
below. 

Appellant's novel contribution to the medical art is defined in the broadest scope 
in independent generic claim 236 on appeal as comprising a method for growing a new 
portion of a human heart by placing a growth factor in the body of a human patient and 
forming a new artery and new cardiac muscle. Claims 238 and 239 cause repair of dead 
and damaged portions of the heart with the growth of new arteries and cardiac muscle 
(page 45, lines 17-22; page 46, lines 3-14). A growth factor, as called for by claim 236, 
broadly encompasses compositions and living organisms, which promote the growth of 
soft tissue in the body of a patient (page 20, lines 10-14). Appellant's specification on 
page 21 broadly recites that, "The growth factor can be administered orally, systemically, 
in a carrier, by hypodermic needle... or by any other desired method." Appellant's 
invention specifically describes using patient size, vascularity, simplicity of access, ease 
of exploitation, or any other desired factors in determining the selected area of the patient 
for administrating said growth factor (page 45, lines 1-16). Appellant describes dosages 



of growth factors useful for achieving growth of a new artery and achieving heart repair 
as defined in claims 23 6, 238, and 239 (page 53, lines 13-19; page 56, lines 7-19; and 
page 62, lines 1-10) and describes monitoring heart repair by determining blood flow 
through the new artery by using any readily available commercial device such as 
ultrasound, angiogram, etc. (page 56, lines 20-25). The specification on page 47 
discloses that booster shots of growth factor may be required to repair an organ that is not 
operating at a desired capacity. 

Claims 244 and 271 further limit the invention by specifying that the growth 
factor of claims 236 and 259, respectively, comprises a cell (page 37, lines 19-26). 
Claims 247, 268, and 269 directly depend from claims 236, 262, 263, respectively, and 
further limit the method of said claims 236, 262, and 263, respectively, by reciting that 
the growth factor is placed in said patient by injection (page 21, line 5; page 45, line 14); 
and claim 251 depends from and further limits the method of claim 236 by requiring the 
growth factor be placed in said patient by a carrier (page 21, lines 3-6). Claim 253 
depends from claim 236 and requires that the growth factor comprises a gene and a cell 
(page 46, lines 6-9). Claims 257, 258, 259, and 260 directly depend from and further 
limit claims 236, 238, 239, and 244, respectively, by requiring that the growth factor is 
locally placed in the human body (page 21, lines 4-10 and page 46, lines 3-9). Claims 
261, 262, and 263 directly depend from and further limit claim 236, 238, and 239, 
respectively, by requiring that the growth factor involved in the growth of new arteries 
and new cardiac muscle (claim 261), the repair of dead portions of the heart (claim 262), 
and the repair of damaged portions of the heart (claim 263) comprises living stem cells 
harvested from bone marrow (page 40 lines 27 - page 42, line 30). Claims 270 and 271 
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directly depend from claims 258 and 259, respectively, and require placing a cell into the 
heart adjacent a dead (claim 270) or damaged (claim 271) portion of the heart causing 
new arteries and new cardiac muscle to be grown and repair of dead (claim 270) and 
damaged (claim 271) portions of a human heart to be repaired (pages 45 and 46). Claims 
280, 281, and 282 directly depend from claims 236, 238, and 239, respectively, and 
require calculating blood flow through the newly grown artery (page 56, lines 20-25). 
Such calculation provides an indication of artery growth. Claims 283, 284, and 285 
directly depend from claims 236, 238, and 239, respectively, and require observing the 
newly grown arteries (page 56, lines 20-25). Such observation provides a description of 
artery growth. Claims 288-290 depend directly or indirectly from claim 261 and require 
the placement of stem cells harvested from the patient The disclosure embracing the 
subject matter of these claims can be found, for example, in the specification at pages 21, 
line 4-15; page 32, lines 9-11; page 33, lines 8-10; page 40, line 27 to page 42, line 27; 
page 44, lines 12 and 13; page 46, lines 3-10; page 47, line 22 to page 48, line 15; 
Example 19 on page 55, line 14 to page 65, line 25; and Example 36 on page 62. 



GROUNDS OF REJECTION FOR REVIEW ON APPEAL 



Appealed claims 236, 238, 239, 244, 247, 250, 251, 253, 257-263, 268-271, 280- 
285, and 288-290 stand rejected in the Office Action under 35 U.S.C. §112, first 
paragraph, as failing to comply with the enablement requirement. 



ARGUMENT 



Rejection of Claims 236, 238, 239, 244, 247, 250, 251, 
253, 257-263, 268-271, 280-285, and 288-290 
Under 35 U.S.C §112, first paragraph 

Claims 236, 238, 239, 244, 247, 250, 251, 253, 257-263, 268-271, 280-285 and 
288-290 stand rejected under 35 U.S.C. §112, first paragraph, as failing to comply with 
the enablement requirement. Appellant responds to the rejection of claims 236, 238, 239, 
244, 247, 250, 251, 253, 257-263, 268-271, 280-285 and 288-290 in the following two 
sections, wherein patentability is argued separately in each section. 

Rejection of Claims 236, 238, 239, 244, 247, 250, 251, 
253, 257-263, 268-271, and 280-285 
Under 35 U.S.C. §112, first paragraph 

The PTO rejected appealed claims 236, 238, 239, 244, 247, 250, 251, 253, 257- 

260, 270, 271, and 280-285 "under 35 U.S.C. 112, first paragraph, as failing to comply 

with the enablement requirement." Specifically, the PTO, at pages 2-3, ^[4 of the Office 

Action, states that: 

The claim(s) contains subject matter which was not 
described in the specification in such a way as to enable 
one skilled the art to which it pertains, or with which it is 
most nearly connected, to make and/or use the invention. 

Appellant disagrees that the scope of protection provided by the appealed claims is not 

adequately enabled by the application disclosure. Appellant intends to, and does 

hereinafter, argue the patentability of each claim separately, i.e., the patentability of the 

claims on appeal do not stand or fall together. 



It is axiomatic that enablement issues are determined by consideration of an 
applicant's specification along with knowledge in the art at the time of filing, United 
States v. Telectronics. 857 F. 2d 778, 785; 8 USPQ 2d 1217, 1223 (Fed. Cir.1988, cert 
denied 490 U.S. 1946 (1989). Appellant believes that the instant specification, when 
considered in view of the knowledge in the art at the time the application was filed, 
enables one skilled in the medical art to make and use the claimed invention. 

Appellant submits that there are three major points to consider when determining 
whether the instant specification contains a disclosure that would have enabled a skilled 
person in the medical art to make and use the claimed invention within the purview of the 
statute. The points are: 1) the content and guidance provided in the specification 
disclosure; 2) the knowledge in the art at the time the application was filed; and 3) the 
skill level in the art. When these points are considered, there should be no doubt that 
Appellant's specification provides an enabling disclosure. The three points are discussed 
below. 

First, as set forth in the Summary of Claimed Subject Matter portion of the 
instant Brief, there is a considerable body of disclosure relating to Appellant's generic 
invention of repairing organs in human patients, including the heart, by growing new 
cardiac muscle and a new artery and to elected and non-elected growth factors suitable 
for effecting such repair and growth. In this regard, Appellant's specification provides a 
substantial body of disclosure regarding growing and/or replacing organs and/or growing 
arteries and tissues using well-known compositions, which promote soft tissue growth. 
The specification describes a class of compositions for promoting soft tissue that broadly 
and specifically includes genes, nucleic acids, a patient's own cells, universal cells, e.g., 
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stem cells, germinal cells (pages 47 and 48), and "enucleated ovum" and "other subunits 
of a cell" (page 52), which qualify as growth factors and are useful for promoting tissue 
(organ) growth through differentiation and morphogenesis. The PTO's selective reading, 
which ignores Appellant's broad and specific disclosure relating to non-elected species 
disclosure, is clearly erroneous under relevant case law. When an applicant elects to 
prosecute a species following an election requirement, the PTO is not permitted to wear 
blinders and focus solely upon the elected species while ignoring the scope of enablement 
provided by the specification as a whole. There should be no doubt that the specification 
taken as a whole, when properly read and understood by one skilled in the art, meets the 
statutory requirement for enablement under current law. See In re Anderson , 471 F2d. 
1237, 176 USPQ 331, (CCPA 1973) and In re Johnson and Farnham , 558 F.2d 1008, 194 
USPQ 187, 195 (CCPA 1977). 

That the PTO has failed to review the application disclosure in its entirety is clear 
from the statement at page 6, lines 1-8 of the February 22, 2006 Office Action for co- 
pending application Serial No. 09/794,456 filed February 27, 2001, (of record) that: 

The claims are being examined to the extent that they read 
on the elected invention, administration of cells, and thus 
the generic concept of growth factor is not relevant. 
[ emphasis added l. 

Second, the PTO has not taken issue with the fact that the administration 
techniques and administered materials disclosed by Appellant were individually old and 
well known as of the filing date of the instant patent application. The materials and 
administration techniques disclosed by Appellant were routinely employed in the medical 
art, but not in the claimed combination, at the time the instant application was filed. 
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Appellant's contribution to the medical arts resides in the claimed method of repairing a 
dead/damaged heart in a human patient by implanting cells and forming cardiac muscle 
and an artery, thereby causing said heart to be repaired. 

The PTO has failed to consider and accord appropriate evidentiary weight 
pertaining to the state of the prior art at the time of Appellant's invention as exemplified 
by U.S. Patent No. 5,980,887 to Isner et al. (hereinafter "Isner '887" and of record) and 
the Asahara et al. February 14, 1997 publication in Science entitled, "Isolation of Putative 
Progenitor Endothelial Cells for Angiogenesis," (hereinafter "Asahara" and of record), 
which was cited in Isner '887 and describes therapeutic methods for implanting cells in 
treating ischemic tissue. Specifically, Isner '887 and Asahara are indicative of 
contemporary prior art knowledge which employed a limited subpopulation of EC 
progenitor stem cells isolated from human peripheral blood for promoting capillary 
growth. Isner '887 and Asahara evidence that those skilled in the art prior to the 1998 
filing date of Appellant were aware that EC progenitor cells (stem cells) and DNA 
encoding VEGF are alternative angiogenesis promoters for treating blood vessel injuries, 
i.e., ischemic tissue. Isner '887 at column 7, lines 17-23 of the patent, discloses that "any 
suitable means" can be used to administer stem cells, including intramuscular injection. 
Additionally, U.S. Patent No. 5,328,470 to Nabel et al. (hereinafter "Nabel" and of 
record) further evidences that it was known in the art that cells and genes can be either 
locally or systemically (by injection) administered to human patients to treat organs 
affected by disease, including ischemic tissue. Although these published works are 
directed to different inventions than that of Appellants, i.e., employ different cells, and 
other soft tissue formers to achieve different results, they nevertheless apprise one skilled 
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in the art of commonly used prior art methods and thus must be taken into consideration 
by the PTO when determining enablement of the claimed invention under 35 U.S.C. 
§ 1 12, first paragraph. 

One skilled in the art reading the instant specification's teaching of using stem 
cells harvested from the bone marrow or peripheral blood would understand that the 
claimed invention distinguishes from Nabel, Isner '887, and Asahara by describing using 
unfractionated (global) bone marrow mononuclear cells for promoting the growth of 
cardiac muscle and arteries. Moreover, there is no basis in fact for determining 
administering genes and cells for the treatment of human diseases involving ischemic 
tissue requires materially different treatment protocols. Appellant's claimed method 
differs from such existing prior art in regard to the stem cell population, i.e., Appellant's 
invention requires the transplantation of the entire array of mononuclear cells harvested 
from bone marrow and achieves the claimed cardiac muscle and artery growth. One 
skilled in the art being so apprised when reading the instant specification would 
understand that Appellant has provided sufficient information, i.e., the process steps, 
ingredients and instrumentation essential to grow an artery and cardiac muscle as set 
forth in the claims. 

Third, the PTO has acknowledged that the level of skill in the art to which the 
invention pertains is high. Appellant agrees that the skill level is high when it is 
considered that many years of education, training, and experience are required in the 
medical field to achieve a high level of skill. Such experience includes the knowledge of 
prior and contemporary cell therapy practices, including the compositions and 
methodology used in cell therapy procedures. Cf. United States v. Telectronics, supra. 
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This is the skill level to which the instant application is addressed and which should be 

applied by the PTO in determining enablement issues in the instant application. 

Once the above-identified relevant materials and administration techniques set 

forth in Appellant's specification are properly considered in their entirety, Appellant 

believes that there should be no question that one skilled in the medical art is enabled to 

make and use the claimed invention. This conclusion is reinforced, as noted above, by 

the fact that the materials and administration techniques, but not the inventive results, 

were well known when the instant application was filed. MPEP Section 2164 states that 

the purpose of the enablement requirement is to describe the claimed invention in such 

terms to permit one skilled in the art to make and use the invention. Such Section 

cautions that detailed procedures for making and using the invention may not be 

necessary if the description of the invention itself is sufficient to permit those skilled in 

the art to make and use the invention. MPEP Section 2164.01 states that: 

A patent need not teach, and preferably omits, what is well 
known in the art. In re Buchner, 929 F2d. 660, 661, 18 
USPQ 2d 1331, 1332 (Fed. Cir. 1991); Hybritech, Inc. v. 
Monoclonal Antibodies, Inc., 802 F2d. 1367, 1384, 231 
USPQ 81, 94 (Fed. Cir. 1986) cert denied, 480 U.S. 947 
(1987); and Lindemann Maschinenfabrik GMBH v. 
American Hoist and Derrick Co., 730 F2d. 1452, 1463, 221 
USPQ 481, 489 (Fed. Cir. 1984). 

Appellant believes that the above caution is especially relevant to the instant factual 

situation where the Examiner has conceded that there was a high level of skill in the art at 

the time the instant application was filed. The PTO has not taken issue with Appellant's 

position that all the materials, methods, and apparatus needed to practice the invention 

were well known at the time of the invention. Thus, Appellant submits that it is evident 

that the instant disclosure clearly enables one skilled in the medical arts to make and/or 



- 14- 



use the full scope of the claimed invention without undue experimentation because a 
reasonable consideration of the three above-delineated factors and the interaction thereof 
by a skilled person in the medical art leads to the inevitable conclusion that the disclosure 
is enabling. 

The PTO has the burden to establish and support by convincing objective 
evidence a prima facie case of lack of enablement. For reasons set forth below, 
Appellant believes the PTO has failed to meet such burden. 

At the outset, it is noted that the PTO, at page 4, ^[6 of the Office Action states 
that, for the claims on appeal, the determination of a lack of enablement is focused 
primarily with respect to the administration of stem cells harvested from bone marrow 
and that even if claims to such subject matter were enabled, such enablement would not 
extend to the other claimed methods. It is and always has been Appellant's 
understanding that generic claim 236 and non-cell claims depending therefrom were only 
considered by the PTO to the extent they were drawn to the elected invention — cells. 
Appellant notes that at pages 4 and 5, ^7 of the Office Action, the PTO questions whether 
bone marrow stem cells were ever identified in the specification as a "growth factor" as 
recited in the claims. As pointed out above, the claims drawn to the genus "growth 
factor" were not the elected invention. The elected invention involves cells and, more 
specifically, bone marrow comprising cellular components such as stem cells. It is clear 
from the instant specification at page 20 that growth factors are defined as compositions 
that promote the growth of soft tissue and include "living organisms," such as cellular 
compositions. Moreover, the PTO has acknowledged the fact that cells are, reasonably, 
living organisms. See page 33, lines 10 and 11, 1J44 of the Office Action in this regard. 
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Moreover, claims 261-263, 268, and 269 are drawn specifically to stem cells harvested 
from bone marrow, not to the genus growth factor. The specification teaches that bone 
marrow stem cells differentiate during morphogenesis into an organ. See pages 42, 47, 
and 48 of the specification. Page 52 discloses that an enucleated ovum and other subunits 
of cells qualify as growth factors, i.e., induce the formation of tissues and organs. 

The PTO, at the sentence bridging pages 7-8, f 1 1 of the Office Action, states that 
the claims are drawn to "methods of causing formation of an artery that did not 
previously exist..." The PTO further states that "the issue is that the instant 
specification does not teach the skilled artisan how to manipulate these allegedly old 
materials and methods to achieve the remarkable effects required by the claims." 
Appellant's specification at pages 54, 56, and 62 clearly defines the claimed term "new 
artery," and the scope of the claims is legally determined by this disclosure. It is clear 
from such disclosure what Appellant intended the term "new artery" to mean, and the 
claims on appeal must be interpreted accordingly. See Phillips v. AWH„ Corp., 415 F. 
3d 1303, (Fed. Cir. 2005) in this regard. While Appellant agrees that the state of the art 
at the time the instant application was filed does not disclose the growth of new arteries, 
there can be no doubt that post-filing publications of record, including Orlic et al. 
(hereinafter "Orlic"); Strauer et al. (hereinafter "Strauer"); and Dohmann et al. 
(hereinafter "Dohmann") confirm Appellant's disclosed and claimed results, i.e., heart 
repair and formation of new cardiac muscle and an artery. Like Appellant, the three 
above-mentioned post-filing publications employed the entire array of bone marrow 
cellular components, including stem cells, not an isolated component thereof such as used 
by Isner '887 and Asahara. 
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Orlic describes injecting bone marrow mononuclear stem cells into rats having 

infarcted hearts and provides autopsy confirmation of the formation of arteries and 

arterioles (small arteries). Note that Orlic, as well as Dohmann, used the term "smooth 

muscle actin," to positively identify the formation of arteries at autopsies. Orlic used 

enhanced green fluorescent protein to identify the formation of endothelial cells. Unlike 

capillaries, which are composed of endothelial cells, arteries and arterioles additionally 

require smooth muscle cells. In this regard, please see Orlic at page 702, left column, top 

of page where it is stated that: 

This allowed us to identify each cardiac cell type, and to 
recognize endothelial and smooth muscle cells organized in 
coronary vessels (Fig. 3a-c; see also Supplementary 
Information). The percentages of new (emphasis added by 
Appellant) myocytes, endothelial cells, and smooth muscle 
cells expressing EGFP was 53 +/- 9% (n=7), 44 +/- 6% ) 
(n=7) and 49 +/- 7% (n=7), respectively. 

From the foregoing, one skilled in the medical arts would have no difficulty in 

recognizing the Orlic work resulted in growth of new arteries. 

Strauer used the term "neovascularization" (page 1913, abstract) to describe the 

results of the administration of bone marrow mononuclear cells to a heart of a human 

patient to achieve repair. Obviously, neovascularization includes new artery formation, 

not merely capillary formation, in view of the impressive improvement in heart function 

described at page 1917, top of page. Note further at page 1916, right column, paragraph 

1 to where it is disclosed that: 

... in several animal infarction models it has been shown 
that: (1) bone marrow hemangioblasts contribute to the 
formation of new vessels (emphasis added by Appellant); 
(2) bone marrow hematopoietic stem cells differentiate 
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into cardio myocytes, endothelium, and smooth muscle 
cells (emphasis added by Appellant) [ref 8-13...] 

Note that "ref 11" of Strauer in the above quotation is the Orlic publication. 
Being that Strauer and Orlic administered bone marrow mononuclear cells to achieve 
heart repair, one skilled in the medical art would readily recognize that Strauer also 
formed new arteries. 

Dohmann provides evidence that earlier trials involving implantation of bone 
marrow mononuclear cells resulted in new artery formation and heart repair via autopsy 
confirmation on a trial patient. Such trials involved injection (page 2, abstract) of bone 
marrow mononuclear cells into the heart of a human patient to repair the heart. Note that 
Figures 3C, D, and E on page 9 of Dohmann indicate that the smooth muscle walls 
comprise many cell thicknesses of smooth muscle and that smooth muscle actin was 
identified in the autopsy. As is well known in the medical art, capillaries comprise tubes 
of one cell thickness. Hence, those skilled in the medical art refer to a capillary wall, not 
capillary walls. 

At page 8, under "Immunocytochemistry Findings," lines 6-8, Dohmann states: 

The vascular tree of the anterolateral wall showed intense 
labeling in the blood vessel walls [emphasis added by 
Appellant], which had a marked hypertrophy of smooth 
muscle cells (Figure 3 D). 

Dohmann uses the word "new" to describe the formation of blood vessels. See 
page 11, paragraph 3, line 1 to the bottom of the page in this regard. Inasmuch as 
Dohmann, along with Orlic and Strauer, describes obtaining endothelial cells and smooth 
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muscle cells, there can be no doubt that the formed new blood vessels include newly 

formed arteries because arteries require both endothelial and muscle tissue. 

Such disclosure is clearly contrary to the PTO's unsupported assertion that a new 

artery is not grown. The fact that Appellant, Orlic, Strauer, and Dohmann all administer 

bone marrow mononuclear cells to achieve heart repair and that all three publications 

describe new cardiac muscle and artery formation would be readily understood by one 

skilled in the art as demonstrated above. Regarding the PTO's charge that the 

specification fails to "teach the skilled artisan how to manipulate" stem cells to achieve 

the claimed results, one skilled in the art would understand that except for injecting the 

stem cells into sites or adjacent to sites of ischemic injury, no further "manipulation" is 

required. Certainly, no manipulation of the injected stem cells was described or required 

by Orlic, Strauer, and Dohmann. Once the stem cells are implanted, they foci to the 

ischemic injury site via predetermined genetic pathways wherein differentiation and 

morphogenesis promotes the growth of new cardiac muscle and arteries. Of particular 

note is the following statement of William O'Neil found in The Journal of Invasive 

Cardiology, Vol. 17, July 1, 2005, article entitled, "Tissue Engineering and Interventional 

Cardiology" (of record and attached hereto as Exhibit A). Exhibit A is a complete copy 

of the above article and is attached because the copy furnished by the PTO is incomplete 

and does not contain the following quotation: 

... in terms of the degree of our ignorance about the basic 
science in this area. My own feelings is that God - or 
nature - in His infinite wisdom, is a lot smarter than we will 
be for a few centuries yet in terms of the cascade of the 
processes that actually allow a new cell to come in and 
regenerate. 
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The above quote highlights that even the highly skilled medical artisan has 
limitations. 

The first paragraph of the statue requires nothing more than objective enablement, 
and it is of no importance whether such teaching is set forth by use of illustrative 
examples or by broad terminology. As a general matter, an application disclosure, which 
contains a teaching of how to make and use the invention in terms which correspond in 
scope to those used in describing the invention sought to be patented, is considered to be 
in compliance with the enabling requirement of the statue. In re MarzocchL 58 CCPA 
1069, 439 F.2d 220, 169 USPQ 367, 369-370 (1971). Further, "Section 112 does not 
require that a specification convince persons skilled in the art that the assertions therein 
are correct." [emphasis added]. In re Robins , 429 F.2d 452, 166 USPQ 552 (CCPA, 
1970). 

When evaluating enablement, it is incumbent upon the PTO to determine what 
subject matter each claim recites, i.e., the scope of protection sought for each claim. The 
scope of dependent claims are properly determined with respect to 35 U.S.C. §112, fourth 
paragraph. See MPEP Section 2164.08. It is clear that the PTO analysis did not treat the 
subject matter of each claim separately or treat the dependent claims according to 
statutory mandate. 

The PTO states that the underlying fact at issue is whether or not more than 
routine experimentation would be required to practice the claimed invention and 
addresses .this issue by reference to the guidelines established in In re Wands, 858 F.2d 
731, 737, 8 USPQ 2d 1400, 1404 (Fed. Cir.1988). As evidence in support of the non- 
enablement rejection, the PTO apparently has relied upon Strauer as establishing that a 
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determination of cell population is critical, citing pages 1916-1917 of the publication. 
The PTO fails to point to any specific teaching in the record which supports this 
proposition, and for good reason. Careful review of this publication fails to reveal any 
teaching that experimentation was required to determine cell population. 

At page 8, f 12 of the Office Action, the PTO stated that nothing in the record 
indicated that the PTO agreed that the addition of the limitation "forming new arteries" 
led to a determination of enablement. Appellant never suggested such determination and 
merely identified the antecedent basis for such term in the specification. In fact, the 
record indicates that the language was added at the suggestion of the PTO to define over 
the Murry et al. publication (of record). 

At pages 9-10, 13-14 of the Office Action, the PTO takes issue with 
Appellant's citation of Nabel as evidencing that methods and apparatus employed by 
Strauer were well known. Such contention ignores the fact that no experimentation was 
required by Strauer because old, well known methods and apparatus, such as the off-the- 
shelf angioplasty technique of Nabel, were used. Appellant cited Nabel to show that 
experimentation as to administration technique was not required by Strauer. The fact that 
Nabel failed to use the type of cells necessary for achieving the claimed result, i.e., 
growing new cardiac muscle and new arteries, does not detract from the fact that such 
administration was known in the medical art prior to Appellant's filing date. Appellant 
relied upon Nabel to provide evidence that angioplasty techniques could be used to 
deliver therapeutic compositions, such as cells, to the humans prior to Strauer' s published 
work as well as Appellant's filing date. Hence, no experimentation was required by 
Strauer regarding the delivery technique. 
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The PTO opines at pages 11-13, TJ15 of the Office Action that, "...it is still clear 
that considerable experimentation was done, if not by Strauer, then by others, in order to 
determine the effective cell population" without citing any authority. Appellant teaches 
that the entire array of bone marrow mononuclear cell components contribute to the 
regeneration of ischemic tissue; and such teaching is consistent with Orlic, Strauer, and 
Dohmann, which confirm that mononuclear bone marrow cell components promote new 
cardiac muscle and new artery growth. In the absence of evidence provided by the PTO 
showing experimentation u by others," the record supports Appellant's position that no 
undue experimentation would be required in order for one skilled in the art to practice the 
method defined in the claims on appeal. Rather, one skilled in the art having read 
Appellant's specification would readily understand that the placement of the entire array 
of stem cells harvested from bone marrow or blood in the body of a human patient would 
cause the formation of a new artery. Of course, such placement techniques are well 
known and documented in the art, leaving no need for more than routine experimentation. 
In this regard, see the comments contained in the article in The Journal of Invasive 
Cardiology , Vol. 17, July 1, 2005, entitled, "Progenitor Cell Transplantation and 
Function following Myocardial Infarction" (of record and attached hereto as Exhibit B). 
Exhibit B is a complete copy of the above article and is attached because the copy 
furnished by the PTO is incomplete. 

In the above-mentioned article, Mr. Pollman indicated that the TOPCARE study, 
"...uses a simple syringe injection system loaded with... bone marrow..." [Emphasis 
added]. Appellant believes that such quotation supports its position that no more than 
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routine experimentation would be required to administer the materials of the claimed 
invention. 

Contrary to the PTO's assertion at page 11, first line of U 15 of the Office Action, 
Strauer — just like Appellant — does not disclose that stem cell population is critical and 
does not describe any experimental protocol for selecting and isolating certain cells from 
the entire cell population described for the treatment therapy. 

The concept of containment to prevent backflow and prolong contact time is 
clearly taught by Nabel. Thus, contrary to the PTO's assertion, it is clear that Strauer did 
not require or perform any experimentation to choose an appropriate delivery system or 
devise a containment system that would prevent backflow of cells and thus provide a 
prolonged time for cell implantation. Rather, such choice constitutes no more than the 
routine use of a well-established delivery system. 

Strauer does not describe using any experimental protocol to determine 
appropriate cell population, i.e., there is no requirement for using a specific subset of 
bone marrow stem cells . Regarding time of treatment, Strauer does not disclose that 
determining time of treatment required experimentation. It is clear from the record that 
the treatment of myocardial infarction (MI) in human patients exhibiting either acute or 
chronic disease is considered. Strauer elected to treat patients from five to nine days after 
suffering an MI. Note that in a later publication in Circulation of Strauer et al. in 2005 
(hereinafter "Strauer 2005" and of record) discloses treating chronic MI in patients that 
had transmural MI some 27 months earlier. Again, no experimentation regarding 
treatment time was noted. It is evident that the time of treatment following an MI is not a 
critical variable, and undue experimentation would not be required. To the extent that the 
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PTO may be relying on Strauer to establish that the time of administration is critical, 
Appellant points out that Strauer 2005 is the "best evidence' 5 in regard to whether time of 
treatment in human patients is critical. Strauer 2005 teaches that stem cells can be used 
to successfully treat MI in human patients suffering either acute or chronic disease. 
Moreover, Isner '887 also does not indicate that time is critical in the treatment of 
humans exhibiting ischemic heart tissue, and this was not viewed as an impediment by 
the PTO. Thus, the PTO's conclusion that "great quantities of experimentation" would be 
required to practice the claimed invention is not supported on the record and is fatally 
flawed. 

The PTO's reference at pages 11-13, Tfl5 of the Office Action to "dark data," 
while interesting in a conspiratorial sense, is entitled to zero evidentiary value. Clearly, it 
defies logic to utilize a negative to support a positive. The PTO's statements relating to 
asserted widespread "unethical" practices of researchers in the medical arts is truly 
amazing and perhaps revealing of a deeper social problem. Does the PTO actually take 
the position that medical professionals, like Dr. Strauer and his colleagues, commonly 
withhold "failed" data that could be helpful/harmful to others? Equally amazing is the 
present PTO Examiner's self imposition of Official Notice. Apparently, the present PTO 
Examiner is not familiar with the legal concepts of judicial notice (or administrative 
notice in the context of patent prosecution) and burden of proof. If an examiner wishes to 
establish himself/herself as an expert based upon his or her personal experience as a 
former researcher regarding the practice of "unethical" data reporting, then be advised 
that the proper evidentiary vehicle is in the form of a sworn instrument, along with its 
legal implications. Unethical practices such as these typically become "bread and butter" 
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for product liability lawyers. In the absence of such a sworn statement, the present PTO 
Examiner's taking administrative notice does not rise to the level of evidence, should be 
disregarded by the Board; and consequently, be treated as nothing more than unsupported 
hubris. 

The PTO posits in the Office Action at pages 13 and 14, ffl[16-17 that the 
specification does not provide "...guidance for, or even suggest the use of bone marrow 
stem cells, any kind of stem cells, or cells of any kind, to grow an artery or repair a 
heart." Attention is directed to pages 47 and 48 of the specification wherein guidance is 
provided for forming soft tissue organs by direct differentiation and morphogenesis by 
reimplanting a patient's own cells, such as "growth of an artery" (page 48, line 3) which 
in "some cases [comprise] stem cells" (page 48, line 13). It is illogical for the PTO to 
contend that pages 47 and 48, particularly when read in light of the specification as a 
whole, provide no guidance to one skilled in the art for reimplanting a patient's own stem 
cells and growing an organ, such as an artery, by direct differentiation and 
morphogenesis. Guidance for harvesting stem cells from the bone marrow of the patient 
for reimplantation to promote morphogenesis of soft tissue is provided on pages 40-42 of 
the specification. One skilled in the art reading the instant specification's teaching of 
using stem cells harvested from the bone marrow or blood of the patient would 
understand that the claimed invention distinguishes from Isner '887 by describing using 
unfractionated (global) bone marrow mononuclear cells. As pointed out earlier, there is 
no basis in fact for the PTO to determine that the instant specification provides guidance 
to one skilled in the art for implanting anything other than the entire array of bone 
marrow derived cells harvested from the patient's bone marrow. Whether one uses the 
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terms "global/ 5 "whole population/' "unfiltered," and "unfractionated" matters not a 
whit. Certainly, unlike Isner '887 and Asahara, the concept of isolating/separating of a 
component of the entire array of bone marrow stem cells is not implicitly or explicitly 
contemplated or described in the instant specification. Reading and interpreting the 
disclosure to include such concept is improper because it distorts the reasonable/intended 
guidance provided to one skilled in the art by Appellant's specification. Isner '887 serves 
as contemporary prior art for apprising one skilled in the art of regenerative medical 
procedures for direct intramuscular injection of DNA encoding VEGF or EC progenitor 
stem cells to promote angiogenesis by increasing capillary blood vessels in ischemic 
tissue. One skilled in the art being so apprised and reading the instant specification would 
understand that Appellant has provided sufficient information, i.e., the process steps, 
instrumentation, and stem cell compositions essential to grow an artery to enable one 
skilled in the art to practice the method set forth in the claims in issue. 

The PTO's arguments bridging pages 14 and 15, ^[17-19 of the Office Action 
attempting to establish that "the scientific considerations of handling, dosage, carriers, 
etc. are completely different" for handling nucleic acids vis-a-vis cells are inapt at best. 
The Examiner's "apples to oranges" analogy misses the point and misstates Appellant's 
position. The point that Appellant was making was that while the selection of materials is 
different, the administration and apparatus is substantially similar, if not identical, for 
genes and cells. A simple hypodermic syringe is used in each instance. The PTO has not 
provided any evidence to rebut this point. Those skilled in the art are well versed in the 
compositional differences, handling, and administering techniques involved in employing 
these therapeutic agents. The PTO's argument presupposes that the disclosure of Isner 
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'887 is limited solely to the claims therein - that the knowledge gleaned by one skilled in 
the art reading Isner '887 would be so limited. This is clearly not the case. Isner '887 at 
column 2, line 9 to column 3, line 27 clearly teaches that it was known that intramuscular 
injection of DNA encoding VEGF into ischemic tissue induces the growth of capillary 
blood vessels and describes as an improvement to the state of the art an alternative 
method for promoting angiogenesis involving in vivo implantation of cells, specifically 
EC progenitor stem cell fractions into sites of blood vessel injury. Isner '887 describes 
obtaining bone marrow-derived mononuclear cells containing stem cells by using 
techniques similar to those previously used in the medical arts for obtaining 
hematopoietic stem cell (HSCs) therapeutic compositions commonly used in bone 
marrow transplantation. These are the same common techniques used by Strauer and 
contemplated in the instant specification for recovering BMC's. Isner '887 differs from 
such common practice by separating EC progenitor cells for implantation into patients. 
Isner '887 teaches that once implanted, the EC progenitor cells selectively migrate to the 
foci of blood vessel injury without any further manipulation by the medical practitioner. 
Notwithstanding PTO classification, one skilled in the art would understand from reading 
Isner '887 and the instant specification that stem cell therapy and gene therapy are 
considered alternative methods for promoting angiogenesis by those skilled in the 
medical arts. 

The PTO's arguments raised at pages 16-19, 1H|20-23 of the Office Action are 
moot in regard to Appellant's elected invention cells and more specifically stem cells 
presently on appeal. Pursuant to the PTO's prior restriction requirement, Appellant 
elected "cells" as the growth factor for examination purposes. Such election resulted in 
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claims 240-242, directed to the growth factor "genes," being withdrawn from 
consideration by the PTO. Attention is also directed to the fact that numerous restriction 
requirements between "gene" and "cell" growth factors have been consistently made by 
the PTO. In fact, continuation application Serial No. 11/605,153 filed November 28, 
2006, contains such a restriction requirement and thus confirms that the PTO considered 
"cells" to be a specie of growth factors. Accordingly, the present PTO Examiner's 
allegation that cells are somehow not growth factors is manifestly inconsistent with prior 
PTO determinations, including in this application and its continuation application, as well 
as the plain meaning of such term set forth in Appellant's specification. Once the present 
PTO Examiner reads the specification in a reasonable manner, there can be no doubt that 
cells are a growth factor. See Phillips v. AWH, Corp ., supra. In any event, while 
dictionary definitions of the term "growth factor" maybe of academic interest, they do not 
alter the status of the elected invention. The error arose from the PTO's continuing 
rejection of unelected generic growth factor claims. Appellant responded to the rejection 
of the generic claims to quiet any possible estoppel issues. 

As pointed out earlier, the term "growth factor," as used by Appellant in the 
context of the described and claimed invention, is defined on page 20 of the instant 
specification as comprising a composition which promotes the growth of soft tissue, and 
specifically, as an angiogenesis promoter for artery growth. Appellant's disclosure is not 
inconsistent with that of Alberts et al. in Molecular Biology of the Cell, 4 th Ed., 2002, (of 
record). Moreover, Dr. Isner, as well as Declarants Drs. Richard Heuser and Andrew E. 
Lorincz, recognized that both cells and genes promote soft tissue growth. Both DNA 
encoding VEGF and EC progenitor cells are described by Isner '887 as promoting the 
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growth of soft tissue, capillary blood vessels. Clearly, one skilled in the art apprised of 
the teachings of Isner '887 relating to the properties of both genes and cells when reading 
the instant specification would find ample guidance for injecting either DNA encoding 
VEGF or cells, such as stem cells, for promoting the growth of arteries to treat ischemic 
tissues in humans. This conclusion comports with Paragraphs 7 of Declarants 1 opinions 
(Fourth Supplemental Declaration of Dr. Heuser and Third Supplemental Declaration of 
Dr. Lorincz, both of record). These declarations express the opinions that one skilled in 
the art would understand that Appellant's specification disclosed the concept that 
intramuscular injection would be applicable for use in growing an artery in a human 
patient regardless of whether the composition was a "gene; cell, including stem cells such 
as bone marrow stem cells." 

The PTO's contention that, "The specification provides no guidance along the 
lines of the details worked out by Strauer" is misplaced. Firstly, none of the claims on 
appeal require the use of an angioplasty balloon catheter; and, therefore, it is improper for 
the PTO to look solely to Strauer for guidance. A more proper model to compare with 
would be Isner '887. Secondly, application Examples 18, 19, and 36 describe a detailed 
regimen for treating a patient with a damaged heart by injecting a nucleic acid growth 
factor for promoting artery growth, which includes mode, dosage, and means for 
evaluating success of treatment, which is similar to the regimen disclosed by Isner '887. 
Specifically, Example 18 (page 53, line 25 to page 54, line 4) describes a regimen 
wherein cDNA is injected slowly and which employs a containment system to prolong 
contact time and to avoid leakage or wash away. The application disclosure also teaches 
on pages 40-42, 47, and 48 utilizing autologous stem cells harvested from bone marrow 
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and blood of the patient (self-cell therapy) or from cell cultures (allogenic) to grow 
organs, i.e., arteries, by differentiation and morphogenesis ( page 48). 

The Office Action, at pages 19-25, 24-33, addresses the calculus employed by 
Appellant relating to guidance provided by the specification for determining dosages of 
cells (stem cells) for promoting morphogenesis. 

At the outset, it is axiomatic that claims do not have to recite dosage levels where 

dosage levels would be understood by those skilled in the art. It is clear from Strauer, as 

well as prior art medical practices relating to bone marrow transplants in general, that it is 

difficult to over-dose, especially when dealing with implantation of autologous BMC's. 

As succinctly stated in MPEP Section 2164.01(c): 

It is not necessary to specify the dosage or method of use if 
it is known to one skilled in the art that such information 
could be obtained without undue experimentation. If one 
skilled in the art, based on knowledge of compounds 
having similar physiological or biological activity, would 
be able to discern an appropriate dosage or method of use 
without undue experimentation, this would be sufficient to 
satisfy 35 U.S.C. 112, first paragraph. 

The PTO, at page 19, ^24 of the Office Action, challenges Appellant's reliance 
upon Examples 18, 19, and 36 for guidance in selecting cell dosages. Appellant believes 
that these Examples provide guidance of dosages and methods of use for compositions in 
general described in the specification having the requisite physiological activity for 
inducing angiogenesis. Moreover, one skilled in the art would understand from Isner '887 
that intramuscular injection of DNA encoding VEGF or EC progenitor cells (stem cell 
fractions) promote capillary blood vessel growth. Examples 18, 19, and 36 of the 
specification describe methods for carrying out the invention including dosage amounts 
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for compositions used to promote artery growth and heart repair. Appellant's 
specification describes new artery growth and heart repair by direct intramuscular 
injection of DNA encoding VEGF into ischemic tissue in dosage ranging from 
approximately 250 micrograms (Examples 18 and 36) to approximately 500 micrograms 
(Example 19). This weight readily converts to a dosage of cells ranging from 
approximately 6.25 6 x 10 and 12.5 x 10 6 . Available off-the-shelf cDNA clones (nucleic 
acids) are directly injected into either the cardiac muscle (Example 19) or the coronary 
artery (Example 36). Each example describes repairing a damaged heart by forming a 
new artery which results in increased coronary blood flow. Each example also discloses 
slowly injecting the growth factor to avoid any carry away. Example 18 discloses that a 
containment system may be used. While these examples employ nucleic acids, one 
skilled in the art reading the specification and being apprised of Isner '887 and Asahara, 
which teach that cells, i.e., EC progenitor stem cells, possess similar/equivalent 
physiological activity to genes (nucleic acids), in forming a new artery and repairing a 
dead or damaged portion of a heart, would be able to easily extrapolate the number on a 
weight basis of mononuclear cells required to obtain equivalent results. Note in this 
regard that Strauer discloses injecting six (6) to seven (7) times with 1.5 to 4 x 10 6 cells 
without disclosing any difference in results over the entire dosage range. Therefore, there 
is no significant clinical difference between Appellant's 6.25 to 12.5 x 10 6 and Strauer's 
9 to 28 x 10 6 dosage ranges. Further, such skilled person would understand that 
intravenous or intraluminal administration routes would generally require larger doses 
than the direct injection route of Examples 18, 19, and 36, and, for example, simply 
doubling the dosage to 12.5 to 25 x 10 6 cells would essentially encompass Strauer's 
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entire range. 1 It is clear from Strauer that there is no risk for over-dosing, particularly 
when using autologous BMC's, which are contemplated in Appellant's specification. 
The nontoxicity of autologous BMC's dosages was established over decades in the 
medical arts in the treatment of cancer. Further evidence of the reasonableness of the 
calculus used by Appellant for extrapolating dosages across the range of cells and genes 
can be found in Isner '887. In this regard, note that the cell and nucleic acid doses 
disclosed by Isner '887 fairly compute on a weight to weight basis. For example, using 
2,000 micrograms as a preferred dosage of nucleic acid described by Isner '887 one 
skilled in the art applying Appellant's calculus could extrapolate to a cell dosage of about 
50x1 0 6 , which falls within the range specified for cells by Isner '887 2 . cf. In re Bundv , 
642 F. 2d 430, 434, 209 USPQ 48, 51-52 (CCPA 1981). 

Appellant believes that the present PTO Examiner's opinion proffered at pages 
21-23, 1fl[28-30 of the Office Action in regard to the dosage extrapolation is unwarranted 
and lacks proper decorum. The Third Supplemental Declaration of Richard Heuser (of 
record and originally filed in co-pending application Serial No. 10/179,589) and the 
Second Supplemental Declaration of Andrew E. Lorincz (of record and originally filed in 
co-pending application Serial No. 10/179,589) confirm and establish as a fact that the 
extrapolation was long known in the art and provides an expert opinion that Appellant's 

1 The conversion for dosages of nucleic acids to corresponding dosages of cells was conducted as follows. 
Examples 19 and 36 specified dosages of 500 micrograms (ug) and 250 ug, respectively. The weight of 
nucleic acids of an average cell was considered to equal 40 picograms (pg). The described dosages of 250 
and 500 ug when converted to pg by multiplying by 10 6 equals 250 x 10 6 pg and 500 x 10 6 pg. Since 
nucleic acids of an average cell have an average weight of 40 pg, a conversion is made by dividing 250 x 
10 6 and 500 x 10 6 by 40 to arrive at the equivalent cell dosages, which are 6.25 x 10 6 and 12.5 xlO 6 , 
respectively. 

2 The conversion for Isner'887 dosages of nucleic acids to corresponding dosages of cells was conducted 
as above. The 2,000 microgram dosage was converted to pg by multiplying by 10 equals 2000x1 Opg. An 
average cell weight of 40pg was used for nucleic acid as consistent with the above. The conversion was 
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reliance thereon is reasonable. Notwithstanding the clairvoyance of the present PTO 
Examiner expressed at page 23, 1J30 of the Office Action, the above-mentioned respective 
Declarations of Drs. Heuser and Lorincz speak for themselves and confirm the 
reasonableness of Appellant's conversions. It matters not a whit whether or not Drs. 
Heuser' s and Lorincz' s specialties reside in expertise in molecular biology. The 
declarations are what they are — declarations expressing the opinions of experts in the 
medical field — not of a microbiologist having no experience in the medical field and 
consequently having no practical experience and knowledge of dosage practice in the 
medical art. It is again emphasized that the extrapolated dosages compare favorably 
(overlap) with the dosages of global bone marrow cells used by Strauer for promoting 
angiogenesis in treating myocardial infarction in human patients and the cell dosages 
used by Isner '887 for promoting endothelial tissue growth, thereby confirming the 
reasonableness of the respective Declarants' opinions. 

In summary, the PTO's ad hominem criticism of Appellant's conversion fails to 
adequately give weight to its evidentiary value. Appellant's evidence establishes as a 
material fact that physicians have long used conversion charts/formulas for estimating 
dosages of cells from nucleic acids and vice versa. It is clear from the record that cell 
survival and differentiation are not paramount considerations in determining cell dosages 
because the general practice is to employ multiple dosages because stem cell overdosing 
has not proved to be problematic. Most importantly, there is no guidance proffered in 
Isner '887 regarding the need to employ disparate treatments for the delivery of cells vis- 



then made by dividing 2000x1 0 6 by 40 to arrive at an equivalent cell dosage of 50x1 0 6 , which dosage falls 
within the range specified for cells by Isner'887. 
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a-vis genes. Those skilled in the art are aware that safe dose ranges have been 
established over years of medical practice directed to bone marrow transplant of cells. 

On page 26, ^[35 of the Office Action, the PTO states that neither the 
specification's use of prophetic examples nor claiming something that has not been done 
before are the basis for the enablement rejection. It has been Appellant's understanding 
from the beginning that prophetic disclosures are permitted under the rules, statute and 
case law. However, the PTO concludes, without further explanation, that the lack of 
actual examples "contribute significantly," i.e. was a contributing factor along with 
"other Wands factors" in determining of lack of enablement. It is the burden of the PTO 
to specifically and precisely point out why the absence of specific working examples, 
along with any "other Wands factors" support a prima facie case of non-enablement. 
Appellant submits that the PTO has not met such burden. 

While Appellant agrees with the PTO that the medical arts in general and the 
physiological reactions involved may be complex, the practice of the claimed invention is 
straightforward. In the previously-mentioned publication entitled, "Progenitor Cell 
Transplantation and Function following Myocardial Infarction," Dr. Richard Heuser, a 
Declarant of record, in connection with the TOPCARE study stated that, "The first time I 
saw this technique presented by the group in Frankfurt, I was astonished at how simple it 
actually was." Such quotation, although contained in the full copy of the above article, 
was omitted in the copy furnished by the present PTO Examiner. In any event, the 
called-for cells, e.g. bone marrow cells, the methods for administering, and the particular 
apparatus required for administering the cells are old and commonly used in cell therapy; 
and thus, the practice of the invention is not deemed to be complex. 
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At page 26, f 36 the Office Action, the PTO acknowledges that it, "cannot, and 
does not, demand human clinical trials to demonstrate enablement..." Appellant 
appreciates such pronouncement since the previous actions by the PTO lead Appellant to 
believe that the method and manner of making the claimed invention was the 
predominant contributing factor in the PTO's determination of lack of enablement. 
Appellant referred to the claims in Kornowski et al. U.S. Patent No. 7,097,832 
(hereinafter "Kornowski" and of record) as being drawn to treating humans as prophetic, 
not to challenge the enablement of such patent. It is and has been Appellant's position 
that actual working examples, whether animal or human, are not required. 

At page 27, |37 of the Office Action, the PTO puts forth the proposition that there 
is a higher "enablement" standard required by the statute for "cases that involve 
unpredictable factors such as most chemical reactions and physiological activity" while 
citing case law presumably "codifying" such a higher standard. In other words, the PTO 
is placing a higher burden on Appellant to support enablement because of the nature of 
the claimed invention. The PTO is relying on case law because the first paragraph of 
§112 does not embody such a separate requirement for chemical and physiological 
related inventions vis-a-vis other classes of inventions. What is certain is that the question 
of enablement must be determined on a case-by-case basis taking into consideration the 
facts presented. The specification discloses all the information that is needed for one 
skilled in the art, for example, to: 1) select bone marrow stem cells harvested from the 
patient; and 2) intramuscularly inject said stem cells into sites of ischemic tissue for 
promoting differentiation and morphogenesis into new blood vessels, i.e., arteries, and to 
grow cardiac muscle. 
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The import of the references cited by the PTO at page 28, 1J38 of the Office 
Action as evidence of the uncertainty in the art as to the "precise population of cells that 
give rise to endothelial cells" is not understood. The population of cells included under 
bone marrow stem cells was discussed above on page 25 of the instant Brief in 
connection with pages 13 and 14, 1ffll6-17 of the Office Action. Such population was 
thoroughly discussed and distinguished over the sole CD 34+ progenitor cells of Isner 
'887 and Asahara. In regard to Isner '887 and Kornowski, only the latter relies upon the 
entire array of bone marrow cells as claimed in the present application. Although 
Kornowski uses the same population of bone marrow cells as claimed, Kornowski is not 
a competent reference due to its filing date. Isner '887, as discussed earlier, utilizes a 
different composition consisting of EC progenitor cells. The PTO failed to articulate 
how such references are relevant to establishing a prima facie case of lack of enablement 
of the subject matter called for by the appealed claims vis-a-vis the objective enablement 
provided by the instant specification. To the extent the PTO is challenging the 
predictability of Appellant's described heart repair by promoting artery growth through 
implanting BMC's, Dohmann describes the results of implanting BMC's to provide heart 
repair and thus suffices to allay such challenge. Dohmann provides autopsy proof that 
such heart repair involves artery growth. Regarding "prior art," none has been identified 
or cited by the PTO against Appellant's claims — and for good reason. Appellant was the 
first to disclose and claim a method for human heart repair by implanting cells, such as 
stem cells, and growing a new artery. The PTO has also cited and relied upon the post- 
filing Rabelink et al. publication entitled, "Endothelial Progenitor Cells: More Than an 
Inflammatory Response?" in Arteriosclerosis. Thrombosis, an d Vascular Biology, 
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(hereinafter "Rabelink" and of record) to support a lack of enablement conclusion. The 
PTO alleged that this publication constitutes subsequent experimentation that evidences a 
factual uncertainty as to which cells give rise to endothelial cells. A review of Rabelink 
evinces that this publication is directed to the effect of circulating endothelial cells in 
response to hypoxia and the possibility of cardiovascular risk factors when 
therapeutically mobilizing such cells. There is nothing in Isner '887 or Rabelink that 
teaches that EC progenitor cells will result in artery formation. Dohmann revealed no 
adverse histological findings after an eleven month follow-up of human patients treated 
with bone marrow stem cell implantation. Moreover, Dohmann constitutes the best 
evidence because, unlike Isner '887 and Rabelink, Dohmann' s process, materials, and 
results correspond to the claimed invention. Any uncertainty is clearly put to rest by the 
autopsy findings disclosed by Dohmann. The PTO's summary determination that undue 
experimentation would be required to provide the art skilled with "factual certainty" that 
the inventor, Dr. James P. Elia, was in possession of the "complete invention as it will be 
used in practice" lacks factual support. The PTO has failed to critically review the entire 
record and present a factual analysis which supports such determination. 

The PTO in the Office Action at page 29, 1|39 foists the contention that the 
specification fails to disclose with specificity "which cells would work" for promoting 
growth of an artery by gratuitously disparaging unclaimed inventions described by the 
inventor. Appellant has continuously argued, and cited legal authority supporting the 
proposition, that the entire specification disclosure must be considered by the PTO when 
determining whether the claimed subject matter on appeal reasonably finds descriptive 
and enabling support therein. However, such argument does not open the door to the 
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present PTO Examiner's gratuitous and sometimes derogatory expressions of opinion 
concerning unclaimed inventions. The PTO examination process is not and should not be 
an adversarial proceeding. 

The PTO's contention that the specification provides no guidance for selecting 
cells that would or would not work when practicing the invention simply ignores the 
written text of the disclosure. The specification clearly teaches that pluripotent stem cells, 
such as bone marrow mononuclear cells, promote the growth of arteries and cardiac 
muscle. Workers as early as the Caplan's 1991 publication in Journal of Orthopaedic 
Research , entitled, "Mesenchymal Stem Cells" (of record) reported the pluripotency 
characteristic associated with bone marrow stem cell populations, i.e., their ability to 
form multiple soft tissue types. The pluripotent characteristics of hematopoietic stem 
cells harvested from bone marrow were recognized and have been utilized in the 
treatment of cancer for decades. One skilled in the art reading the specification would 
understand that pluripotent stem cells are essential for forming the multiple tissue types 
that are required for organ formation. Consequently, a person skilled in the art would 
understand that unipotent stem cells, such as the EC progenitor cells employed by Isner 
'887 and Rabelink, would not differentiate into an organ, such as an artery, because an 
artery contains muscle tissue. Thus, the PTO's erroneous focus upon Isner '887 and 
Rabelink is not relevant to the claimed invention, which requires formation of an artery 
and cardiac muscle. 

The PTO criticized Appellant's reliance upon Examples 1 1 and 14-16. Appellant 
referred to Examples 11 and 14-16 as disclosing the use of bone marrow stem cells for 
promoting differentiation and morphogenesis into tissues and organs. Such Examples 
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were not relied upon to specifically show artery growth, although those skilled in the 
medical art would understand that growth of a tooth, kidney, or eye requires the growth 
of an artery. This further comports with the disclosure in the specification at pages 47 
and 48 and paragraphs 7 of the Fourth supplemental Declaration of Dr. Heuser and the 
Third Supplemental Declaration of Dr. Lorincz (see page 29 of the instant Brief) which 
directs the use of autologous stem cells. 

At page 30, f40 of the Office Action, the PTO refers to page 37 of the 
specification as failing to suggest using cells to grow an artery. Appellant has not 
asserted that guidance is provided by such text for using a cell to grow an artery. Lost is 
the fact that line 26 on this page teaches that growth factors include cellular products and 
their derivatives. Appellant's general statement that "any host cell, cloned cell, cultured 
cell, or cell would work, 55 was not intended to support the notion "that any cell can do 
anything." While such disclosure is prophetic in nature, it has at least found support in 
recent cell therapy studies involving fat cells and induced pluripotent cells such as skin 
cells. 

At pages 30 and 31, 1fl|41 ^ 42 of the Office Action, text from the specification 
is correctly cited. The Office Action in ^[42 mischaracterizes the intended meaning of this 
disclosure by stating that it only applies to the use of "skin cells. 55 To one skilled in the 
medical arts, Appellant's disclosure teaches that a patient's own cells can be used to 
induce growth of an organ or function-specific tissue and that germinal cells and stem 
cells are contemplated to be used for inducing direct differentiation and morphogenesis 
into an organ. One skilled in the art would readily understand that reimplanting a 
patient's own stem cells comprises implanting autologous bone marrow stem cells. 
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While the Examiner may not understand what the term "germinal cell" includes, those 
skilled in the art are aware that a germinal cell is a cell which divides into other cells. In 
plain terms, a germinal cell is a cell that is capable of differentiating. Thus, the language 
"germinal cells (and in some cases, stem cells)" clearly defines cells that are capable of 
direct differentiation and morphogenesis into an organ, e.g., pluripotent cells capable of 
inducing growth of multiple tissues. The PTO's position in ^[43 of the Office Action that 
even if the disclosure can be said to disclose using stem cells to grow an artery, it merely 
suggests an idea without teaching the skilled artisan how to do it lacks merit. Once the 
concept of using bone marrow stem cells to grow arteries is revealed to a skilled artisan, 
the mode and mechanisms for implantation are readily within the skill of such a person. 
The PTO in the Office Action in ^44, appears to concede that it is a fact that cells are 
reasonably "living organisms." Therefore, the specification on page 20 reasonably 
defines "growth factor" as including cells that promote organ growth, which comports 
with Alberts' definition of growth factor. 

At page 33, f45 of the Office Action, the PTO necessarily raises an issue that 
actual experiments (working examples/clinical trials) are required establish enablement 
for the claimed invention yet fails to specifically identify what protocol is missing from 
Appellant's specification that would prevent one skilled in the art from practicing the 
claimed subject matter. The PTO's remarks involving "writing it down," absent evidence 
or sound reasoning, is insufficient to overcome the objective enablement provided by the 
specification. In re Marzocchl 58 CCPA 1069, 439 F.2d 220, 169 USPQ 367, 369-370 
(1971). Apparently, the PTO fails to appreciate that the act of "writing down" a 
"prophetic" example, which describes an embodiment based upon predicted results rather 
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than work actually conducted, is sufficient to satisfy a constructive reduction to practice. 
See MPEP 2164.02 and cited case law that stands for the proposition "the mere fact that 
something has not previously been done clearly is not, in itself, a sufficient basis for 
rejecting all applications purporting to disclose how to do it." In re Chilowsky, 29 F. 2d 
457, 46L 108 USPO 321, 325 (CCPA 1956) . Nor does the use of prophetic examples 
automatically render a specification non-enabled. The burden is on the PTO when 
challenging enablement to show by clear and convincing evidence that the prophetic 
examples, when combined with the disclosure as a whole and in view of the knowledge 
in the art as of the filing date of the application, does not meet the enablement 
requirements if the statute. It is clear on this record that the PTO has not discharged 
such a burden. Cf. Amgen, Inc.v. Chugai Pharmaceutical Co ., 927 F2d. 1200, 18 USPQ 
2d 1016 (Fed. Cir.), cert, denied, 502 U.S. 856, (1991). The PTO has acknowledged that 
it determines enablement on a case-by-case basis and does not require even in vivo 
evidence. This is clear from Kornowski, which contains claims drawn to a cell therapy 
treatment of humans requiring the implantation of bone marrow stem cells in the heart to 
grow collateral blood vessels based on a prophetic disclosure. Not being skilled in the 
medical art, the present PTO Examiner appears to be challenged by the term "cascade of 
genetic material" as used in the specification at page 37. The Board's attention is again 
directed to the quotation of William O'Neil set forth on page 19 of the instant Brief, 
which is evidence that those skilled in the medical art reading the specification would 
fully understand the terminology used by Dr. Elia in describing the necessary in vivo 
cascade of processes that allow implanted cells to regenerate in a patient's body. Also as 
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mentioned above, in connection with William O 'Neil's quotation, the present PTO 
Examiner omitted such quotation in the copy of the article furnished to Appellant. 

The PTO Examiner at pages 34-37, ffi|47, 48 of the Office Action cited two 
internet articles published in The Journal of Invasive Cardiology , Vol. 17, July 1, 2005, 
entitled, "Tissue Engineering and Interventional Cardiology" and "Progenitor Cell 
Transplantation and Function following Myocardial Infarction." In the Office Action, the 
Examiner furnished Appellant with copies of the two articles (attached hereto as Exhibits 
Al and Bl, respectively). Such copies contain less than the complete content of the 
published articles and lack proper context. Appellant has provided complete copies of the 
published articles in attached Exhibits A and B, respectively, for the Board's 
consideration and comparison to the version furnished by the present PTO Examiner. 

The two above-identified articles (Exhibits Al and Bl) are relied on by the PTO 
to challenge Appellant's assertion of post-filing success for the claimed method. The 
PTO contends the furnished excerpts show that some seven years after the filing date of 
the instant application, skilled workers in the art voiced concerns about cell choice, 
dosages, time of treatment, implantation apparatus and cell survival were unanswered. 
Appellant's comparison of the full text of the articles with that of the versions furnished 
by the PTO clearly evinces that the present PTO Examiner has artfully selected portions 
of the context, while omitting other portions thereof, in an apparent attempt to spin the 
meaning of the text. Such editing raises a serious question in regard to the probative 
value of the furnished material, as well as the administrative process of the PTO. 

Appellant has reviewed the limited context from the excerpts presented at pages 
34-37 of the Office Action but disagrees that the verbage thereof rises to the level of 
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evidence supporting non-enablement. Most of the comments concerned the BOOST, 
TOPCARE and Bio Heart trials. The latter body of work is dissimilar from the present 
invention in that it used a skeletal muscle myoblast product. Matt Pollman from Guidant 
Corp. described the BOOST method, "as a simple syringe injection system loaded with 
10 cc of bone marrow, 3 cc of which is applied to the coronary arteries." Pollman does 
not indicate that any further manipulation was necessary. Appellant has consistently 
taken the position that the Strauer publication relied upon by the PTO describes little if 
any experimentation required to practice the disclosed implantation of bone marrow stem 
cells. Appellant makes the following comments regarding the excerpts presented by the 
PTO. 

• The first quoted statement of Mr. O'Neil is merely asking a question that 
had been previously answered by Strauer. 

• As O'Neil' s second quoted question, neither Andreas Zelher (Guidant, 
Frankfort) nor Strauer reported any problem with cell hypoxia. 

• Mr. ONeiPs third question virtually confirms Appellant's argument that 
the specification teaches using unfiltered bone marrow. 

• Mr. Nikol's comments sound like professional envy rather than critical 
analysis of bone marrow implantation. 

• Mr. Gonschior's comments merely affirm that intravenous infusion would 
be the simplest method while Strauer' s endocardial delivery may be the 
most efficient. These comments mirror the views expressed by Strauer. 
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• The quoted comments by Holmes merely express his criticism of 
premature human trials and appears to be especially directed to systemic 
infusion of cells. 

• Mr. Whitlow's quoted comments are purely theoretical and do not evince 
that his opinions are based on the performance of any experimental or 
clinical trials. The autopsy findings described in Dohmann show that 
Whitlow's theoretical premises are not well founded. 

It is puzzling that the PTO can conclude from such selective utterances that 
"[t]here was a general agreement that more experimentation was needed." This is 
particularly telling when one understands that the later work of Dohmann and Kornowski 
closely parallel Strauer's work. 

One final point remains. What is most disturbing to Appellant regarding the 
PTO's use of these two articles is the omission of information favoring enablement of 
Appellant's claimed method. For example, the PTO omitted the statement by Nikol that, 
"cells are considered a blood product" and the statement by O'Neil that, . .because these 
bone marrow cells are pluripotential..." A further example is the spontaneous utterance 
of Dr. Heuser that "[t]he first time I saw this technique presented by the group 
[TOPCARE] in Frankfort, I was astonished at how simple it actually was," and Pollman's 
statement that, "a simple syringe injection system" was used for implantation. It is 
tempting to speculate that the present PTO Examiner's omission of such comments by 
Mr. Pollman and Dr. Heuser could be attributed to the Examiner's carefully refraining 
from providing evidence backing up arguments made by Appellant in the record that 
once one skilled in the art realizes that bone marrow promotes the growth of arteries the 
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delivery of the bone marrow is simple. In any event, the above utterances indicate that 
the treatment is not complex as alleged by the PTO. The answer to the PTO's irrelevant 
question, "Why didn't "[Dr. Heuser] enlighten his colleagues?" is straightforward. Being 
a patentee in his own right, Dr. Heuser fully comprehends his duty in regard to 
confidential information, even if the Examiner is dismissive of such duty. Matt Pollman, 
an employee of Guidant, was aware of confidentiality obligations regarding privileged 
information, as were all of the others. See the Pullman comment near the bottom of the 
first page of the "Progenitor Cell Transplantation and Function following Myocardial 
Infarction" article (Exhibit A). In addition, an opinion regarding enablement based 
upon the disclosure of a patent application is distinct from optimizing medical processes 
and continuing research involving such processes. The Examiner's query misses this 
point. 

The PTO asserts, at page 38, 1{49 of the Office Action, that at the time of filing the 
instant application, "the notion that the new result, cardiac muscle, and artery growth, can 
be achieved using old materials (bone marrow) and old methods (injection)" was nothing 
more than "a germ of an idea." The Examiner, relying on Genentech Inc. v. Novo 
Nordisk A/S, (CAFC) 42 USPQ 2d 1001 (1997), asserted that, "The courts have also 
stated that "[t]ossing out the mere germ of an idea does not constitute an enabling 
disclosure... [Reasonable detail must be provided in order to enable members of the 
public to understand and carry out the invention." If the specification had done no more 
than to generally suggest that the use of some unidentified composition could grow soft 
tissue, such cardiac muscle and an artery in a human patient, such general suggestion 
would constitute tossing out a germ of an idea. The above unsupported conclusion of the 
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PTO overlooks the fact that Dr. Elia disclosed an inventive concept of implanting cells, 
including bone marrow stem cells, into an infarcted heart of a human patient to grow 
cardiac muscle and an artery. The specification clearly discloses the placement of 
specific cells, such as bone marrow stem cells, specific delivery systems, such as 
injection through a hypodermic syringe, and specific placement sites, such as adjacent to 
a dead or damaged portion of a heart. A reasonable skilled person reading the 
specification would understand that it describes more than tossing out a mere germ of an 
idea. The Declarations of Drs. Heuser and Lorincz comport with Appellant's position in 
this regard. Hence, the PTO has committed error by merely quoting a legal conclusion 
contained in a judicial decision without providing the necessary factual basis and 
evidence to support such legal conclusion. 

Rejection of Claims 288-290 
Under 35 U.S.C. $112, first paragraph 

Claims 288-290 stand rejected under 35 U.S.C. §112, first paragraph, as failing to 
comply with the enablement requirement. Appellant disagrees with such rejection. 
Appellant hereby repeats and relies upon the above presented remarks regarding the 
rejection of claims 236, 238, 239, 244, 247, 250, 251, 253, 257-263, 268-271, and 280- 
285. Additionally, Appellant submits the following remarks in support of the enablement 
of claims 288-290. 

Claims 288, 289, and 290 differ from the claims from which they depend upon, 
namely claims 261, 268, and 269, respectively, by requiring autologous cells placed into 
the heart of the patient by injection (claim 288), by requiring autologous cells with 
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injection said cells at a site adjacent a dead portion of a heart (claim 289), and adjacent to 
a damaged portion (Claim 290). These claims are drawn to the narrowest embodiment of 
the invention by requiring specific cells, specific sites, and specific modes of 
administration. The disclosure embracing the subject matter of these claims can be found, 
for example, in the specification at pages 21 , line 4-15; page 32, lines 9-11; page 33, line 
8-10; page 40, line 27 to page 42, line 27; page 44, lines 12 and 13; page 46, lines 3-10; 
page 47, line 22 to page 48, line 15; Example 19 on page 55, line 14 to page 65, line 25; 
and Example 36 on page 62. One skilled in the art would be fully able to make and use 
the invention having the scope of claims 288-290. 

Appellant submits that, on this record, the PTO has failed to provide sufficient 
evidence for supporting a prima facie case of lack of enablement and the rejection for 
lack of enablement should be reversed. 

Assuming, arguendo, that the PTO somehow met the burden of establishing a 
prima facie case of lack of enablement, Appellant believes that any such case has been 
rebutted by the weight of the evidence contained in the nine Declarations of two experts 
in the field, Dr. Richard Heuser and Dr. Andrew E. Lorincz (all of record). Such 
Declarations are set forth in the Evidence Appendix (Items 13-14 and 20-26). The 
conclusions set forth in the respective Declarations establish an objective fact that is 
highly material to a determination of enablement. These two highly skilled medical 
experts read relevant portions of the specification, including generic as well as those 
drawn to elected and non-elected species, and reached the determination that one skilled 
in the medical arts, armed with the knowledge in the disclosures, would be enabled to 
practice the claimed method and to predictably anticipate the results defined therein 
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without need for resorting to undue experimentation. See paragraphs 5-7 of the Third 
Supplemental Declaration of Dr. Lorincz and paragraphs 5-7 of the Fourth Supplemental 
Declaration of Dr. Heuser. 

The PTO, at page 34, ^46, states that the declarations of Dr. Heuser and Dr. 
Lorincz are accorded no weight. The PTO contends that opinions of experts in regard to 
the ultimate legal conclusion of enablement are entitled to no weight, citing In re Lindell 
and In re Chilowsky for precedent. The PTO refers to pages 38-42 of the Examiner's 
Answer dated January 24, 2008, for detailed reasoning. Case law was cited as standing 
for the proposition that enablement is a question of law. However, it is clear from MPEP 
2164.05 that declarations are evidence that must be considered and that weight must be 
accorded based on the factual evidence presented therein supporting a conclusion of 
enablement. The Court in In re Buchner , supra, held that "expert's opinion on the 
ultimate legal conclusion must be supported by something more than a conclusory 
statement." In In re Buchner , the PTO determined that the specification lacked 
enablement because elements necessary for carrying out the invention were neither 
disclosed therein nor well-known to those of ordinary skill in the art. The Court, while 
recognizing that the Buchner specification need not disclose what is well known in the 
art, agreed with the PTO that unless the identified missing elements were well-known in 
the art, the application must provide such information and that "it is not sufficient to 
provide it only through an expert's declaration." The present factual pattern is clearly 
distinct from that of Buchner in that the PTO has conceded in this record that the 
administration of cells was known in the medical art at the time of the present invention 
(page 22, first paragraph, of the Final Rejection of September 22, 2006). It is further 



-48- 



established in this record that the compositions (stem cells such as bone marrow stem 
cells), implantation apparatus (hypodermic needle) and treatment methods disclosed in 
the specification were well-known in the medical art. Contrary to the PTO's position, 
Appellant's evidence of enablement is supported by more than Declarants' conclusory 
statements. Declarants identify and rely upon facts, i.e., specific portions of the disclosure 
in the instant specification which support their conclusions that one skilled in the art 
would be able to make and use the claimed invention. Declarants' reading and 
understanding of the identified portions of the specification mentioned in Paragraph 5 of 
the Fourth Supplemental Declaration of Dr. Heuser and in the Third Supplemental 
Declaration of Dr. Lorincz, compels a conclusion that Dr. Elia was in possession the 
concept of implanting bone marrow stem cells and growing arteries and cardiac muscle in 
the heart of a human patient. 

Other than stating that the PTO's position is set forth at pages 38-42 of the 
Examiner's Answer of January 24, 2008, the PTO has not critically addressed the 
probative value of Appellant's evidence. The PTO on aforesaid pages 38-42 has not 
specifically challenged Appellant's evidence and, rather, has set forth mere generalities. 
For example, it is not clear whether the PTO continues to assert that there are no post- 
filing publications in the record that show the growth of arteries. If this is the position of 
the PTO, it appears to be at odds with the PTO's present reliance upon Isner '887 and 
Kornowski. By failing to articulate adequate reasons to rebut the Declarations of Drs. 
Heuser and Lorincz, the PTO "failed to consider the totality of the record for the purpose 
of issuing a final rejection and thus erred as a matter of law." In re Alton , 76 F.3d 1 168, 
37 USPQ2d 1578 (Fed.Cir. 1996). It is trite law that the PTO must consider the 
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probative value of such evidence vis-a-vis any asserted prima facie case. See In re 
Oetiker, at 1445, 24 USPQ 2d at 1444. In re Keller , 642 F.2d 413, 208 USPQ 871, 
(CCPA 1981). In the absence of critical analysis, the PTO appears to be relying solely 
upon its opinion rather than assessing weight to the objective evidence proffered in the 
Declarations. PTO Examiners, not being skilled persons in the medical art, must give 
weight to these expert opinions rather than substitute the opinion of the PTO. See In re 
Neaye, 370 F.2d 961, 152 USPQ 274, (CCPA 1967). 

The PTO, at page 38, ^[50 of the Office Action, refers to the enablement factors 
enumerated by the court in In re Wands . The Board's attention is again respectfully 
directed to the In re Wands decision, which led to the grant of a patent. The Court found 
that the PTO's determination of nonenablement was unsupported by the evidence in the 
record. The Court further noted that the skill level in the art was high and that known 
materials were utilized in the practice of the invention in weighing the evidence. The 
instant fact situation is similar to that of In re Wands because the skill level is also high 
and known administration techniques and known materials are also utilized in the 
practice of the invention. In addition to such factual parallelism, Appellant provided 
expert objective evidence in the form of the Declarations of Drs. Heuser and Lorincz. 
These medical experts read relevant portions of the specification setting forth the generic 
invention and elected and non-elected species of such generic invention and determined 
that one skilled in the medical art, armed with the guidance and direction in the 
specification disclosures, would be enabled to practice the methods defined in the claims 
on appeal and to predictably anticipate the results defined therein without need for 
resorting to undue experimentation. Regarding complexity, the Board is again referred to 
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the spontaneous utterances mentioned above wherein the process was characterized as 
being simple by doctors skilled in the art. When the guidance and direction provided by 
Appellant's specification disclosure, the level of knowledge and the content of the prior 
at the time of the invention as established in the record, the high level of skill in the art, 
and Appellant's declaration evidence are interpreted in a reasonable manner, analysis 
considering the factors in In re Wands compels a conclusion that undue experimentation 
would not be required to practice the invention called for in the appealed claims. 

Once the relevant materials and administration techniques set forth in Appellant's 
specification and those known in the art when the application was filed, are properly 
considered in their entirety, Appellant believes that there should be no question that one 
skilled in the medical art is enabled to make and use the claimed invention. This 
conclusion is reinforced by the fact that the materials and administration techniques, but 
not the inventive result, were well known when the instant application was filed. 

One final point remains regarding pages 2 and 3, ^[4 of the Office Action. The 
PTO states that where the grounds of rejection have been maintained from the 
Examiner's Answer dated January 24, 2008, "the specific arguments set forth in the 
Examiner's Answer... will not be repeated in the instant office action except where 
clarification may be deemed useful, omissions may be corrected..." In view of the fact 
that the PTO has not identified which grounds and arguments of said Examiner's Answer 
are incorporated in the rejections of the Office Action, Appellant reserves the right to 
answer in the form of a reply to any unenumerated grounds and arguments which may 
appear in any PTO response to the instant Brief. 
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rONCLOSION ANP MELTO SOUGHT 

In view of the foregoing, Appellant urges the Board to reverse the outstanding rejection 
of claims 236, 238. 239, 244, 247, 250, 25 1, 253, 257-263, 268-271, 280-285, and 288-290 under 
35 U.S C. §112, first paragraph, and respectfully requests that the instant application be passed to 



issue. 
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CLAIMS APPENDIX 



Claims 236, 238, 239, 244, 247, 250, 251, 253, 257-263, 268-271, 280-285, and 
288-290 are pending in the application, are under final rejection, are being appealed, and 
are listed below. 



Claim 236 A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 

Claim 238 The method of claim 236, further comprising repairing a dead portion 
of said heart. 

Claim 239 The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

Claim 244 The method of claim 236, wherein said growth factor comprises a cell. 
Claim 247 The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

Claim 250 The method of claim 247, wherein said injection is intramuscular. 
Claim 251 The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 

Claim 253 The method of claim 236, wherein said growth factor comprises a gene 
and a cell. 

Claim 257 The method of claim 236, wherein said growth factor is locally placed 
in said body. 



-53- 



Claim 258 The method of claim 238, wherein said growth factor is locally placed 
in said body. 

Claim 259 The method of claim 239, wherein said growth factor is locally placed 
in said body. 

Claim 260 The method of claim 244, wherein said growth factor is locally placed 
in said body. 

Claim 261 The method of claim 236, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 262 The method of claim 238, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 263 The method of claim 239, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 268 The method of claim 262, wherein said stem cell is placed in said 

patient by injection. 

Claim 269 The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

Claim 270 The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 

Claim 271 The method of claim 259, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said damaged portion of said heart. 

Claim 280 The method of claim 236 further comprising calculating blood flow 
through said newly grown artery. 
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Claim 281 The method of claim 238 further comprising calculating blood flow 

through said newly grown artery. 
Claim 282 The method of claim 239 further comprising calculating blood flow 

through said newly grown artery. 
Claim 283 The method of claim 236 further comprising observing said newly 

grown artery. 

Claim 284 The method of claim 238 further comprising observing said newly 
grown artery. 

Claim 285 The method of claim 239 further comprising observing said newly 
grown artery. 

Claim 288 The method of claim 261, wherein said stem cells are harvested from 
bone marrow of said patient and are placed into the heart of the patient 
by injection. 

Claim 289 The method of claim 268, wherein said stem cells are harvested from 
the patient and are placed into the heart of the patient by injecting said 
stem cells at a site adjacent said dead portion. 

Claim 290 The method of claim 269, wherein said stem cells are harvested from 
the patient and are placed into the heart of the patient by injecting said 
stem cells at a site adjacent said damaged portion. 
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EVIDENCE APPENDIX 



1. Office Action dated February 22, 2006 (page 6, lines 1-8) in co-pending 
application Serial No. 09/794,456 filed February 27, 2001. 

2. Isner et al. U.S. Patent No. 5,980,887 cited by Appellant as Exhibit B to Reply 
Brief filed March 18, 2008. 

3. Asahara et al. February 14, 1997 publication in Science entitled, "Isolation of 
Putative Progenitor Endothelial Cells for Angiogenesis," cited by Appellant as 
Reference ABA in 8 th Supplemental Information Disclosure Statement filed 
September 24, 2008. 

4. Nabel et al. U.S. Patent No. 5,328,470 cited by the Examiner in the November 
28, 2003 Office Action. 

5. Orlic et al. publication entitled, "Mobilized bone marrow cells repair the 
infarcted heart, improving function and survival," (August 28, 2001, PNAS 
USA, 98:10344-10349) and Orlic et al. publication entitled, "Bone marrow 
cells regenerate infarcted myocardium," (April 5, 2001, Nature , 410:701-705) 
cited on page 20 in Examiner's June 1, 2004, Final Office Action 

6. Strauer et al. publication in Circulation entitled, "Repair of Infarcted 
Myocardium by Autologous Intracoronary Mononuclear Bone Marrow Cell 
Transplantation in Humans" cited by Applicant as Exhibit E in Declaration of 
Dr. Richard Heuser filed June 17, 2003 (in connection with concurrently-filed 
Amendment). 

7. Dohmann et al., 2005 publication in Circulation , 112:521-526, full copy of 
publication furnished in Examiner's Answer, November 28, 2007. 

8. July 1, 2005 publication in The Journal of Invasive Cardiology , Vol. 17, 
entitled, "Tissue Engineering an Interventional Cardiology" cited by the 
Examiner in the October 2, 2008 Office Action (complete copy as furnished 
by Appellant and attached as Exhibit A to instant Appellant's Appeal Brief). 
An incomplete copy of this publication was furnished by the Examiner to 
Appellant (attached as Exhibit Al to instant Appellant's Appeal Brief). 

9. Murry et al. 1996 publication in J. Clin. Invest, entitled, "Skeletal Myoblast 
Transplantation for Repair of Myocardial Necrosis" cited by the Examiner in 
the November 28, 2003 Office Action. 
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10. July 1, 2005 publication in The Journal of Invasive Cardiology , Vol. 17, 
entitled "Progenitor Cell Transplantation and Function following Myocardial 
Infarction" (author unknown) cited by the Examiner in the October 2, 2008 
Office Action (complete copy as fiirnished by Appellant and attached as 
Exhibit B to instant Appellant's Appeal Brief). An incomplete copy of this 
publication was furnished by the Examiner to Appellant (attached as Exhibit 
Bl to instant Appellant's Appeal Brief). 

11. Strauer et al. 2005 publication in Circulation entitled, "Regeneration of 
Human Infarcted Heart Muscle by Intracoronary Autologous Bone Marrow 
Cell Transplantation in Chronic Coronary Artery Disease" cited by Applicant 
as Exhibit D in the Amendment filed November 21, 2005. 

12. Alberts et al. 2002 publication in Molecular Biology of the Cell, 4 th Ed., 
Chapter 17, cited by the Examiner in the October 2, 2008 Office Action. 

13. 4 th Supplemental Declaration of Dr. Heuser cited by Applicant as Exhibit A in 
the Amendment dated June 26, 2006. 

14. 3 rd Supplemental Declaration of Dr. Andrew E. Lorincz cited by Applicant as 
Exhibit B in the Amendment dated June 26, 2006. 

15. 3 rd Supplemental Declaration of Richard Heuser filed as Exhibit E of May 29, 
2007 Amendment in Appellant's co-pending patent application Serial No. 
10/179,589, and cited by Appellant as Exhibit C to Reply Brief filed March 
18,2008. 

16. 2 nd Supplemental Declaration of Andrew E. Lorincz filed as Exhibit D of 
May 29, 2007 Amendment in Appellant's co-pending patent application Serial 
No. 10/179,589, and cited by Appellant as Exhibit D to Reply Brief filed 
March 18, 2008. 

17. Kornowski et al U.S. Patent No. 7,097,832 cited by Appellant as Exhibit A to 
Reply Brief filed March 18, 2008. 

1 8. 2004 Rabelink et al. publication in Arteriosclerosis. Thrombosis, and Vascular 
Biology , entitled, "Endothelial Progenitor Cells: More Than an Inflammatory 
Response?" cited by the Examiner in the October 2, 2008 Office Action. 

19. Caplan 1991 publication in Journal of Orthopaedic Research, entitled, 
"Mesenchymal Stem Cells" cited by Applicant as Exhibit E in the 
Amendment filed June 26, 2006. 

20. Declaration of Dr. Richard Heuser filed on June 17, 2003. 

21 . Supplemental Declaration of Dr. Heuser filed on February 1 7, 2004. 
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22. 2 Supplemental Declaration of Dr. Heuser filed on dated July 30, 2004. 

23. 3 rd Supplemental Declaration of Dr. Heuser cited by Appellant as Exhibit I in 
the Appeal Brief filed June 13, 2005. 

24. Declaration of Dr. Andrew E. Lorincz filed on June 17, 2003. 

25. Supplemental Declaration of Dr. Andrew E. Lorincz filed on February 17, 
2004. 

26. 2 nd Supplemental Declaration of Dr. Andrew E. Lorincz filed on July 30, 
2004. 

27. Final Office Action dated September 22, 2006 (page 22, first paragraph). 
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RELATED APPEALS AND INTERFERENCES APPENDIX 



1. Co-pending Serial No. 09/794,456, filed February 27, 2001, in which 
Appellant's Brief was filed with the PTO on February 6, 2009; 



2. Co-pending Serial No. 10/179,589, filed June 25, 2002, in which a Notice of 
Appeal was filed with the PTO on February 19, 2009; and 



3. Co-pending Serial No. 09/064,000 filed April 21, 1998, in which a Notice of 
Appeal was mailed to the PTO on May 20, 2009. 
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COMPLETE COPY OF 

July 1, 2005 publication in 
The Journal of Invasive Cardiology , Vol. 17, entitled, 
"Tissue Engineering an Interventional Cardiology" 

cited by the Examiner in the October 2, 2008 Office Action 



Sent By: Gerald White and Associates; 312-920-0580; May-14-09 1:32PM; Page 1 

Tissue Engineering and Interventional Cardiology | Invasive Cardiology rage i oi j 



login 




/Wcnr.-etf Issues 



Privacy Pofcr/Ccpyrigfit 



Search 



i^umat of furtive Cardiology 



Oarem fseue 
Ait-hived Content 



Print Subscriptions 



WewOnttrieMeolaKft 
Reprints, Rights, Pern ilos ion 



DIGITAL 
EDITION 

tnteradhreflOKi/s 
4to 



CLtCK HERE TO 
CONTINUE o 



Hot Cardtrrfoyy Topics. 
Angtoplsny 



Chronic Occlusion 
Coronary AknmUh 



Stroke 

Vsfrutoptasty 

Community 



Sutxntt Hanwotpte 



Sterol lnteryefrtior*s:» 



Tissue Engineering and Interventional Cardiology 

VOLUME: 17 PUBLICATION DATE: Jul 01 ZOOS 

Issue Number 
7 

author: 

Speaker David Holmes, MD 
Moderator Reginald Low, MD 

Panel members: George Dartgas, MD, Wolfgang Rrtter, MD. Peter GonscftJor, MD, 
Brian Firtti (Cordis Corporation) 

George Dtrtgo: There have beer many attempts and many failures in this field due perhaps to the 
inherent tendency of interventional cardiologists to move quickly and work from assumption*, applying 
what may not yet be well understood. Qene therapy and en$FW«ed viruses (associated viruses, 
attenuated vcuses. etc ) are examples ol this. When U became dear that we were unable to identify (he 
most a p pio uridte and effective agent for sngtoganes's, we tooked toward the newty tashwnabte stem 
cefJ*based therapies Even researchers make 3 million agents, and 2 of them turn out to be effective, thai 
would be fine. On the other hand, perhaps the stem cells wtft produce 2 or 3 agents that work for 
autogenesis, out at the same time. 1 or 2 other agents produce negative effects — the rest* being thai 
the positive effect hoped for is not achieved. 

Thus, the interventional cardiology held must achieve more "crisp" results based on more "crisp* basic 
science, with better-estabhshed nndhgs, m order to better understand what the targets are and pursue 
them in a mare metrtoriological manner Our methodotogy needs to be evidence-based, as opposed to 
the focusing on the practicalities of how to achieve our aims. We need to scats down the n vivo 
applications and return to the laboratory. 

Davtd Hofanes: There are a number of small, randomized trials currently under way, primarily in Europe. 
Perhaps some of our European coOeegues here couW discuss these triats We are already ri the middle 
of human trials before obtaining adequate scientific data about which specific cells to use, how many 
cells, when to deliver them, end how to aetiverthern. Is that a good thing? What J they fail? does thai 
mean die approach is wrong? Or does H mean that we were doing it inconect*y? 

Peter Genscttor: The good thvig b that very robust calls are used based on solid, basic scientific data. 
That ted to the application of a targe variety of cells. whjch ted to what appeared to be good date. The 
patient data, such as ejection fraction, however, are not terribly impressive. Ejection fraction Bmprovernent 
is not very significant, especially when you taetor in the amount of energy wasted to achieve any clinical 
impact in the patients More basic, relevant datB are required to guide us toward the best approach. 

Worrgang Rftter We have never used drug-etuting stents, so we watt to see what the cardiologist does. 

David Holmes; From the industry standpoint ttwrxjtdbenicetohavea pateiiubte product so that 8w 
product's unique design bearing the corporate name could be marketed Given that God invented the 
progenitor ceils and has a pretty strong patent on them, how do we "patent" a cell? For example, a bone 
marrow cell hfceted In the coronary artery — now do you design a device to do that? How do you make a 
living at that, since most any device could do that task? 

Brian Rrfh Let me come at this from a different angle. For some time now, Cordis has looked at what ft 
already had as facilitating technology. We have been on the delivery stds of the business, specifically 
with our ttoga systems, the NogaStar®, the Myo3tar™ injectable catheter, and so on. Thus, the 
mapping, definition and ability to deliver eometfiing in a very site-spectfic manner constitute tie piece of 
the business Cordis has focused on. Having said that, in order to obtain 510-K FDA device approval, we 
must prove that ft actually does something. Thus, Cordis is currently working on the area of autologous 
rx>re rrwrow with stemcelte Our interest is not in tr^ to figure cut how to potent stem ceRs. which 
can't be done, but rather in the delivery of these cells, because we think that a more local delivery system 
would be better than a more general one. (Mis seeks to design a system, thus, that would deliver the 
oe&s that have been identified tor their contractile properties to a site that has been defined as 
compromised 

Richard tteuser. These are expensive studies to conduct, thus, if the product is not patentable, ctwtll not 
attract industry funding. In the esse of the Bbhaart study, how wil this thai be conducted? Will sham cells 
be given, or no cells, or a small number of them? Abo, we want to target the patient population that is not 
eligible for heart transplants, Vve have been taking about bona marrow cells as well. My understanding is 
that there is a very good pos&ibirty that these cells can be delivered intravenously with the *&me results. 
SO how do we design, say, a skeletal muscle cell study that would actually end up garnering FDA 
approval for the therapy? And what about bone marrow — b it really necessary to go down the coronary 
arteries and go selectively into the myocardium'? 

Davtd Holmes: Those are two important questions. Bioheart ts a skeletal muscle myoblast product The 
company considered this product a drug when It applied to the FDA tor approval In drug trials, the FDA 
requires data on ineffective dosage in addition to a toxic dose, and a coupie of doses that do work. Thus, 
(he first dose n the Bioheart project that was approved by the FDA was absolutely ineffective — ft might 
as weli have been placed under the patient's pillow. The date that came out oi Europe on Bioheart 
involved a much higher dose, albeit with a smal number of patients. 

In terma oi the second point as rt retates to where and how to adminfclor the ceils, some information has 
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shown thatwhen these different sorts of cads are delivered intravenously, ihey go to the kings and tew 
a Tremendous time/ and they donl reach the myocardium. So white H ma*es perfect sense to use ff» 
ntravenous approach, these cefis are filtered out in the lungs end remam there. IT these eels are active 
and produce cytokines, perhaps that's aH we would want to use them for. Maybe these cells aren't the 
magic sokrtion, and maybe we don't have a clue about this Perhaps we can use these eete for the 
cytokines mey produce svsterniceay and they wil! causa other bone morrow coils to hone in on fh© site of 
injury. But et the present, we just don't Know enough about this process. 

Patrick Whitlow: I just want to give you an update on Bioheart because of their underlying disease 
process, these patents are very prone to arrhythmia and sudden death. And theoretcaUy. if you era 
adding islands of tissue h the left ventricle thai is already damaged, these islands of tissue are not 
enervated in the same way as the surrounding tissue and the conduction properties aren't the same You 
would theorize mat this coukJ set up re-entry circuits. Thus, ventricular arrhythmia presents an enormous 
problem in terms of conducting Gtudios because many of those patients am going to die from their 
undertytriQ disease. To detect B cet! injection couDeo worsened arrythmias will be very difficult, but e 
potential carious problem. Therefore, the first v.s. cfintca) trial involves patients who steady have 
defibriDator* arid me rii^ 

should answer the question of whether th»a ib arrYtrvnogenic — whicn Patrick Serruys believes is the 
case. Other researchers <n France don't believe that injecting oolfc © anhythmogenic Who knows? It will 
take a long time and a lot d patients to arrive at the answer. 

If a Btart-up company tries to make this therapy work, itwtl be vary difficult lor industry to actually fund 
the research from start to finish. We know from the animal studies that efficacy increases with higher 
doses of cell therapy, but we have yet to find what a potentially toxic dose is for (he ab» of the island ol 
cells that produce arrhythmias. I think that the bulk oJ fhrs research will have to betedcraly funded «*« ail 
very interesting work, and according to the animal models, it snoutd work in humans. 

David Holmes: Although the sketetal myoblasts appear to be anymrnogjervc. ft appears to relate to 

<y»graftrrtcm properties Wrth tru* stem celts — whatever they ere — it doesn't seem to be as 

problematic, whether because there have so for been very small numbers erf patients, or whether indeed 
these stern cells are more plurtpcteritlaJ and engraft better, or whether they are more homcgeneously 
cHbibuted, and aren't Just islands. It is early in this f iekt and I would echo what George said: in a field 
where so much rides on a pioduct or technique, some of the trials are too prematura because we often 
don't have the necessary solid scientific underpinnings before launching en rnportarrt large trial. The 
biggest potential problem dewnstream to this approach is that H the product fasts, we dent know for 
certew whether failure was due to the product's ineffectiveness or because we didn't know how to 
property use t!. 

George Dangas: I would like to comment on interpreting the data from soma of these early studies. I 
don't think we have the proper tools to accurately study the early results. The proton Inery decision by the 
Rotterdam group was to imptant defibrillators in all patients ol the Bioheart study after two or three deaths 
occurred ri one arm. Still, we haven't figured out whether ri was actually the number of Implants or if a 
was a patient substrate with a number of implants that caused the armythmogenecity. J think that any 
ether study at this stags would produce statistical errors rt both directions, which makes it very cirfftcuitto 
determria whether it was a terture of the agent ine fcver system, or that the patients in the treatment ami 
were too sick and were going to die anyhow. That last exportation b a posatitfrty because, due to ethical 
comiderBtions, we usually enroll 'no option" patients tor these types of agents. 

Richard Heuser The Bioheart study involves a specific, patentable therapy which provides greater 
incentive to the company to see the proiect through to the end One thing that arways concerns me is 
determintng what the endpomt wW be. We aU tove tr> sec those ejection tractions, but I thmfc that the two 
main end pouts will likely be treadmill time {endurance) and objective findings of symptom rasef. A third 
endpoint might be the number of hospitalizations tor congestive heart failure. I agree thai we have to 
conduct this study in some sort of randomized fashion \ think rial Uw tow-dose cells which we discussed 
wffl be a good way to do it. Also, since if a a very small number of patients being subjected to this very 
expensive therapy, I wonder i we coutd coflect data on the patients before we commence therapy In 
other words, we would assign the patient We all know how long ft takes to enrol patients rt this trial; 
there's a lot of information to gather. During the she -month lead-in period, more data potrrtscouw be 
obtained by looking at retrospective data on those individual patients. It won't be enough to see ma 
ejection fraction tierease, and (here certainty won t be a reduction in mortality. 

David Holmes: I think there will be a reduction in mortality rates and a wdl be the lead-in phase. For 
instance, all of the transplant centers have patient deaths white on the waiting Sst This study win provide 

same type of iritormalkjn. Tr^m for example Whether 

viatrifity with MR win be an "approvabte" erripocm remark to be seen, however. We will need to be 
creative in terms of end points. 

Will am O'Neill I agree with you. George, in terms of the degree of our ignorance about tho baste 
science in this area. My own feeling is that God— or nature — h His infinite wisdom, is a tot smarter that 
we wtH be for a few centuhes yet in terms of the cascade Of processes that actually allow a new cell to 
coma m and regenerate H is a Uttta foolhardy to say that wo should wait until we cornptetery understand 
these processes before any chnicaJ trials are launched. These early attempts are fine, as long as patents 
aren't harmed and as long 88 the patients are property selected in terms of their ability to spontaneously 
improve function. As you said, pire-transplant patients will not rmprove function and there wtfl likely be a 
biy upside dnd vary Irtte downside for them. I would thus encourage conducting these small, mechanistic 
trials as a means of entigWerung us as to where we sterel and where we must go. Finally, when we 
change from the basic experiments to human trials, we are dealing with patients who are on ad types of 
medications. Do ACE inrtibtors, calcium channel blockers, rjeta -blockers and nitrates alter, improve or 
decrease (he abSty of cefls to regenerate? We simply don't know the answer to this question. I do believe 
(hat we face a long process of t/ial end error, and wtf) make smafl advances along the way. 

David Holmes. I [funk that view Is correct, provided that if the small tiiara are negative, we donl then 
abandon the field and decide that the therapy doesn't work, n seemed to be the case with some of the 
gene therapy trials where "ncredtole hype was followed by randomized trials that produced negative 
results, setting the hold back significant ry. I think that well-designed studies aimed at identifying 
mechanisms will be terribly important for the field. 

Brian Firth: tn terms of endpornts, I believe that this falls under the same rules as most of the heart 
failure studies. The FDA wants to see that therapies designed for patients with heart failure or impending 
heart failure don't increase mortality while rn proving other parameters Thus, researchers donl have to 
prove that the therapy improves survival rates, but they do have to prove thai it doesn't adversely affect 
survival That was the big lesson teamed from the notrupic therapy EtudSe* 
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Thom» McMamara: What has been the progress andtor expectations with other cnticat organs — 
namely, the liver and the kidneys? Has work been done in this area? 

Devtd Holmes: I think work has been done, perticulanV on the liver, partfy because it can regenerate. We 
tend to think that newt eels will repair what has been a problem, and I donl know if they wil wildly 
protiferHle and make a rotaily new heart, liver celts can do. You need to understand that I'm not exactly 
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Tissue Engineering and Interventional Cardiology 

VOLUME: 17 PUBLICATION DATE: Jul 01 2005 

Issue Number: 
7 

author: 

Speaker: David Holmes, MD 
Moderator: Reginald Low, MD 

Panel members: George Dangas, MD, Wolfgang Ritter, MD, Peter Gonschior, MD, 
Brian Firth (Cordis Corporation) 

George Dangas: There have been many attempts and many failures in this field due perhaps to the 
inherent tendency of interventional cardiologists to move quickly and work from assumptions, applying 
what may not yet be well understood. Gene therapy and engineered viruses (associated viruses, 
attenuated viruses, etc.) are examples of this. When it became clear that we were unable to identify the 
most appropriate and effective agent for angiogenesis. we looked toward the newly fashionable stem 
cell-based therapies. Even researchers make 3 million agents, and 2 of them turn out to be effective, that 
would be fine. On the other hand, perhaps the stem cells will produce 2 or 3 agents that work for 
angiogenesis. but at the same time, 1 or 2 other agents produce negative effects — the result being that 
the positive effect hoped for is not achieved. 

Thus, the interventional cardiology field must achieve more "crisp" results based on more "crisp" basic 
science, with better-established findings, in order to better understand what the targets are and pursue 
them in a more methodological manner. Our methodology needs to be evidence-based, as opposed to 
the focusing on the practicalities of how to achieve our aims. We need to scale down the in vivo 
applications and return to the laboratory. 

David Holmes: There are a number of small, randomized trials currently under way, primarily in Europe. 
Perhaps some of our European colleagues here could discuss these trials. We are already in the middle 
of human trials before obtaining adequate scientific data about which specific cells to use, how many 
cells, when to deliver them, and how to deliver them. Is that a good thing? What if they fail? does that 
mean the approach is wrong? Or does it mean that we were doing it incorrectly? 

Peter Gonschior: The good thing is that very robust cells are used based on solid, basic scientific data. 
That led to the application of a large variety of cells, which led to what appeared to be good data. The 
patient data, such as ejection fraction, however, are not terribly impressive. Ejection fraction improvement 
is not very significant, especially when you factor in the amount of energy wasted to achieve any clinical 
impact in the patients. More basic, relevant data are required to guide us toward the best approach. 

Wolfgang Ritter: We have never used drug-eluting stents, so we wait to see what the cardiologist does. 

David Holmes: From the industry standpoint, it would be nice to have a patentable product so that the 
product's unique design bearing the corporate name could be marketed. Given that God invented the 
progenitor cells and has a pretty strong patent on them, how do we "patent" a cell? For example, a bone 
marrow cell injected in the coronary artery — how do you design a device to do that? How do you make a 
living at that, since most any device could do that task? 

Brian Firth: Let me come at this from a different angle. For some time now, Cordis has looked at what it 
already had as facilitating technology. We have been on the delivery side of the business, specifically 
with our Noga systems, the NogaStar®, the MyoStar™ injectable catheter, and so on. Thus, the 
mapping, definition and ability to deliver something in a very site-specific manner constitute the piece of 
the business Cordis has focused on. Having said that, in order to obtain 510-K FDA device approval, we 
must prove that it actually does something. Thus, Cordis is currently working on the area of autologous 
bone marrow with stem cells. Our interest is not in trying to figure out how to patent stem cells, which 
can't be done, but rather in the delivery of these cells, because we think that a more local delivery system 
would be better than a more general one. Cordis seeks to design a system, thus, that would deliver the 
cells that have been identified for their contractile properties to a site that has been defined as 
compromised. 

Richard Heuser: These are expensive studies to conduct, thus, if the product is not patentable, it will not 
attract industry funding. In the case of the Bioheart study, how will this trial be conducted? Will sham cells 
be given, or no cells, or a small number of them? Also, we want to target the patient population that is not 
eligible for heart transplants. We have been talking about bone marrow cells as well. My understanding is 
that there is a very good possibility that these cells can be delivered intravenously with the same results. 
So how do we design, say, a skeletal muscle cell study that would actually end up garnering FDA 
approval for the therapy? And what about bone marrow — is it really necessary to go down the coronary 
arteries and go selectively into the myocardium? 

David Holmes: Those are two important questions. Bioheart is a skeletal muscle myoblast product. The 
company considered this product a drug when it applied to the FDA for approval. In drug trials, the FDA 
requires data on ineffective dosage in addition to a toxic dose, and a couple of doses that do work. Thus, 
the first dose in the Bioheart project that was approved by the FDA was absolutely ineffective — it might 
as well have been placed under the patient's pillow. The data that came out of Europe on Bioheart 
involved a much higher dose, albeit with a small number of patients. 

In terms of the second point as it relates to where and how to administer the cells, some information has 
shown that when these different sorts of cells are delivered intravenously, they go to the lungs and have 
a "tremendous time," and they don't reach the myocardium. So while it makes perfect sense to use the 
intravenous approach, these cells are filtered out in the lungs and remain there. If those cells are active 
and produce cytokines, perhaps that's all we would want to use them for. Maybe these cells aren't the 
magic solution, and maybe we don't have a clue about this. Perhaps we can use these cells for the 
cytokines they produce systemically and they will cause other bone marrow cells to hone in on the site of 
injury. But at the present, we just don't know enough about this process. 

Patrick Whitlow: I just want to give you an update on Bioheart because of their underlying disease 
process, these patients are very prone to arrhythmia and sudden death. And theoretically, if you are 
adding islands of tissue in the left ventricle that is already damaged, these islands of tissue are not 
enervated in the same way as the surrounding tissue and the conduction properties aren't the same. You 
would theorize that this could set up re-entry circuits. Thus, ventricular arrhythmia presents an enormous 
problem in terms of conducting studies because many of these patients are going to die from their 
underlying disease. To detect if cell injection causes worsened arrythmias will be very difficult, but a 
potentially serious problem. Therefore, the first v.s. clinical trial involves patients who already have 
defibrillators, and the number of patients will be small because of the need for defibrillators. The study 
should answer the question of whether this is arrythmogenic — which Patrick Serruys believes is the 
case. Other researchers in France don't believe that injecting cells is arrhythmogenic. Who knows? It will 
take a long time and a lot of patients to arrive at the answer. 

If a start-up company tries to make this therapy work, it will be very difficult for industry to actually fund 
the research from start to finish. We know from the animal studies that efficacy increases with higher 
doses of cell therapy, but we have yet to find what a potentially toxic dose is for the size of the island of 
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William O'Neill: I have a couple of questions for both of you. First, we are essentially talking about adult, 
autologous stem cells. As you all know, there is enormous controversy in the U.S. about the use of 
embryonic stem cells which we are currently prohibited from using. From a dispassionate, basic scientific 
approach, do you think there's an advantage to using embryonic stem cells, or will adult stem cells be 
sufficient in terms of their ability to replicate and cause myogenesis? 

Peter Gonschlor: After examining the data from experiences in other fields with vascular cells and their 
biological functions, I don't think there is a need for embryonic stem cells. The bone marrow cells appear 
to be very robust; even the non-randomized European trial data show that with a not-so-profound 
approach, it is possible to obtain positive effects. Due to the political scenery in Europe, I don't think it 
would be possible to conduct large clinical trials using embryonic stem cells. 

Sigrid Nikol: I think we should first try to optimize the strategies using autologous cells due to the ethical 
concerns. Due to these restrictions, there is not currently much proof available that embryonic stem cell 
therapy is that much better or even less risky. We know that these cells can differentiate, which means 
that they could differentiate into undesired cells as well. Thus, given the legal restrictions at present, we 
should stick with what we can do and try to make the best of it. 

William O'Neill: Another key issue that arises from a clinical standpoint is that of direct injection versus 
intra-arterial or intravenous infusion. Do we know yet which would be the most efficient way — if the 
appropriate cell were to be found — to deliver the cells for the most efficient myogenesis? 

Peter Gonschior: Sigrid and I have a lot of experience with local drug delivery. Efficiency of local drug 
delivery is in fact very low. It would be very smart to just inject the cells intravenously. But one critical 
issue with alt of these data is that delivery efficiency, whether systemic or local, is very low. In fact, it 
turned out that endocardial delivery of these cells was the most efficient, resulting in the largest number 
of injected cells — up to about 30 million. 

William O'Neill: The problem I have is that the stem cells are very sensitive to hypoxia; they need an 
oxygenated environment in order to thrive. Thus, if these cells are injected into a core infarct area, it will 
likely be hypoperfused and the ambient oxygen tension in that area may not be sufficient to support those 
cells. Sigrid. your experience involved a permanent ligation, right? 

Sigrid Nikol: Actually, there were two sets of animals, but I only showed you those with the permanent 
ligation because there are currently more data on them. We also have a reperfusion model from 30 
minutes after opening up the vessel. 

William O'Neill: Did you find in the reperfusion model that there was any more myogenesis efficiency? 

Sigrid Nikol: We perform stem cell therapy via bone marrow stimulation (not ceil injection). At the 
moment, we do not have sufficient data on the reperfusion model. The problem is that when genes or 
celts are injected into the vessels, why should they pass the endothelium and migrate into the tissue 
where they are needed? It is very unlikely to happen, unless there is injured tissue. And with the venous 
application, there are the first-pass effects in the lungs and liver on top of it. These findings are not very 
convincing in my opinion, including the data from the Strauer group which lacked a truly randomized 
control group. The problem with intra myocardial injections into infarcted areas is a real one. as you 
stated, in that there is no blood/oxygen supply and potentially arrhythmogenic foci are created. Also, 
there may not be a homogeneous distribution of cells — an issue that has already been discussed with 
regard to gene therapy for the myocardium. Specifically, the question had been raised regarding how 
homogeneous gene therapy in the myocardium can be achieved without creating arrhythmias. With stem 
cells, this may be an even more important issue, as has been demonstrated in the work by Menasche et 
at. 

William O'Neill: It seems to me that a highway is needed to get the cells to the tissue, and that's why we 
have been considering autoinfusion or direct intracoronary infusion of the agents, because in the 
reperfusion model, at least if there's an Intact vascular structure, then the environment will be ambient 
and oxygenated until the cells can engraft. But my question is: Why would those cells stay at that target 
site? Also, we are lacking basic scientific understanding of the signals that allow the stem cells to hone in 
on that particular tissue. Since stem cells could potentially be coming in from the systemic circulation, we 
need to come up with a honing material that could be injected into the infarcted area and would allow the 
stem cells to accumulate there. We are moving forward in this field. 

At the 2003 AHA meeting, data from the late-breaking BOOST trial were presented. It was, I think, a very 
well-conducted randomized trial involving 60 patients with placebo versus bone marrow infusion arms. 
The results showed a statistically significant increase in ejection fractions in the active treatment group 
compared with the placebo group. TOPCARE was a terrific study, but it was a sort of historical control 
study. Thus, we are beginning to accumulate data that suggest there is some merit to this approach. 
Let me turn this question over now to the other panelists. Matt Pollman. from Guidant Corporation, is on 
the panel. Matt, is there business potential in this field? 

Matt Pollman: That's a great question, Bill. As a clinician and a scientist, this area is extremely 
provocative and intriguing, particularly the data from the BOOST and TOPCARE myocardial infarction 
trials. There is an aggressive movement to push these trials out into more randomized, controlled, 
multi-center arenas. The issue for a company such as Guidant is what we can bring to the table and 
whether there is business potential in this area. Confidentiality, of course, prevents me from saying too 
much here, but there certainly appear to be business opportunities for companies like ours. We believe 
that it will require a very safe delivery system that can be applied to a wide range of patients. The celts 
clearly need to be delivered at least very close to the target site in order to successfully do their job. In 
that light, an intracoronary infusion strategy raises questions about how to allow enough time for the cells 
to adhere, to transmigrate, enter the tissue and do their job. There is room for improvement in the 
delivery systems, and that's what Guidant is looking into. The TOPCARE acute myocardial infarction 
study headed up by Andreas Zeiher in Frankfurt uses a simple syringe injection system loaded with 10 cc 
of bone marrow, 3 cc of which is applied to the coronary arteries. The patients are then allowed to be in 
an unreperfused state for 3 minutes to allow the cells to do their job. Often, the limiting factor is that the 
patients complain of chest pain during the unreperfused state. Thus, there are opportunities to improve 
the current infusion protocol. 

William O'Neill: We have been looking at it in a two-prong fashion, with a lot of interest in basic science 
on one end. and in clinical trials on the other end. As for the United States, if bone marrow is taken from 
a patient and then reinjected, the FDA considers it non-homologous use. even though it is not a drug or a 
commercial compound. The U.S. FDA regulations on stem cell use do not cover autologous use of these 
cells. Unfortunately, thus, this entire field has become embroiled in the embryonic stem cell and abortion 
debates. As a result, the FDA is incredibly cautious about allowing embryonic stem cell use. The FDA 
regulations state that if the stem cells are taken and not manipulated, and then reinjected, it falls outside 
of the FDA's authority. At the 2003 TCT meeting, the FDA representative specifically stated that if any 
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DETAILED ACTION 
Status of Application, Amendments, And/Or Claims 

A request for continued examination under 37 CFR 1.114 was filed in this 
application after appeal to the Board of Patent Appeals and Interferences, but 
prior to a decision on the appeal. Since this application is eligible for continued 
examination under 37 CFR 1 .1 14 and the fee set forth in 37 CFR 1 .17(e) has 
been timely paid, the appeal has been withdrawn pursuant to 37 CFR 1 .1 14 and 
prosecution in this application has been reopened pursuant to 37 CFR 1 .1 14. 
Applicant's submission filed on 21 November 2005 has been entered. 

Claims 1-6 are canceled. Claims 10-12 and 22-24 remain withdrawn from 
consideration as being directed to non-elected invention, for reasons of record. 
Claims 7, 1 1-21 , and 25-40 are under examination. 

The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 



Withdrawn Objections And/Or Rejections 

The rejection of claims 7, 11-15, 18, 19, 21, 25-29, 32, and 33 as 
unpatentable over Murry et al. is withdrawn upon further consideration. 

The rejection of claims 20 and 34 as unpatentable over Murry et al. in view 
of Nabel et al. is withdrawn upon further consideration. 
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35 U.S.C. § 112, First Paragraph - New Matter 

Claims 16, 17, 20, 30, 31, and 34 remain rejected under 35 U.S.C. 112, 
first paragraph, as failing to comply with the written description requirement. The 
claim(s) contains subject matter which was not described in the specification in 
such a way as to reasonably convey to one skilled in the relevant art that the 
inventor(s), at the time the application was filed, had possession of the claimed 
invention. The basis for this rejection is of record. 

Applicant's arguments (pp. 11-13. amendment received 21 November 
2005) have been fully considered but are not found to be persuasive for the 
following reasons. 

As an initial matter, it is noted that Applicant incorrectly characterizes the 
instant rejection as an enablement rejection. The instant rejection is, and always 
has been, based on the written description component of 35 U.S.C. § 1 12, first 
paragraph, and not enablement. See p. 4 of the Office Action mailed 28 
November 2003: p. 3 of the Office Action mailed 01 June 2004, and p. 2 of the 
Advisory Action mailed 26 November 2004. Applicant is reminded that Vas-Cath 
Inc. v. Mahurkar, 1 9USPQ2d 1111 (CAFC 1 991 ) makes clear that the written 
description provision of 35 U.S.C. §1 12 is severable from its enablement 

provision (see page 1115). 

Applicant points to p. 45 of the specification as describing injecting growth 
factors into a patient intravenously, intraluminal^, or intramuscularly to promote 
growth of an artery, and applying genes or other genetic material with an 
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angioplasty balloon. This is not found to be persuasive because page 45, lines 
13-16, of the specification reads as follows: 

"VEGF proteins can be made in a lab and injected into a patient 
intravenously, intraluminally or intramuscularly to promote the growth of a new 
artery. Or, the genes (or other genetic material) can be applied with an 
angioplasty balloon, with the assistance of a vector, or by any other method." 
(emphases added) 

Clearly, this section of the specification is limited to use of proteins or 
nucleic acids (genes or genetic material). Regarding "intravenous" and 
"intraluminal" delivery, this section of the specification is limited to the suggestion 
of administering a protein. Nowhere else in the specification is it suggested that 
cells should be administered intravenously or intraluminally. Regarding 
angioplasty delivery, the second sentence quoted above is limited to the 
suggestion of administering genes or other genetic material by angioplasty 
balloon. The specification defines "growth factors" as comprising cells, but does 
not define "genetic material" as comprising cells. For example, p. 31, lines 11- 
13, of the specification states "...the genetic material comprises comparable 
artificially produced genes, or genes harvested from other human beings or 
animals." Page 32, lines 8-9 state "genetic material can comprise comparable 
artificially produced genes or genes removed from another animal or otherwise 
generated." Page 35, line 4 clearly distinguished between growth factors 
(defined as encompassing cells) and genetic material: "genetic material plus 
growth factor(s) are implanted..." Page 35, lines 12-14 states "Genetic material 
is well conserved in nature. The Drosophila eyeless gene (ey), the mouse small 
ey gene (pax-6), and the Aniridia gene in humans are all homologous." Page 36, 
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!ines 25-26 state "Genes control structure and function. A gene or a bit of 
genetic materia, may act as a master con.ro, gene..." Clearly, the specification 
uses "genetic materia," as pertaining to nucleic acids such as genes. It is also 
noted that one skilled in the art would only interpret "assistance of a vector." 
recited in the same sentence that uses "genetic materia,," as only applying to 

nucleic acids (genes or RNA or cDNA, etc.). 

Applicant points to .Cponv Fshhar v. Dudas, 03-1480-1481 (CAFC 

2005) as controlling precedent that 1 1 2 does not require recitation in the 
specification of features already known by workers in the technological field to 
which the invention is directed. Applicant urges that the examiner mistakenly 
posited that generic inventions involving biochemical processes require a higher 
threshold for compliance with 1 12 because of a perception that success is no. 
assured. Applicant argues .hat the Court in Capon observed that the USPTO 
must determine the sufficiency of support on a case-by-case basis given the 
state of the art at the time of the invention and in light of evidence of record. 
Applicant argues (ha. the examiner has failed to address the generic concept that 
Applicant described - .he concept of selecting a growth factor (herein .he elected 
subgenus cells) and administering same into the body of a human patient using 
conventional methods and apparatus to achieve the goals of .he claims. This is 
no. found to be persuasive because the instant fact pattern Is distinct from that in 
the case law cited by Applicant. C^^Eibhjr, 76 USPQ2d 1078 (CAFC 
2005) concerns whether or no. claims to chimeric DNA molecules are adequately 
described by a generic description. The issue concerned written description of 
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products, not method steps. The issue here is not whether or not workers in this 
technology already knew the features of the cells recited in the claims; rather, the 
issue is that the instant specification did not set forth contemplation of a method 
step wherein cells were administered intravenously, intraluminal^, or via 
angioplasty. As discussed in the previous paragraph, the instant specification did 
not set forth contemplation of such method steps. The claims are being 
examined to the extent they read on the elected invention, administration of cells, 
and thus the generic concept of growth factor is not relevant. Furthermore. 

MPEP § 2163.02 reads: 

"An Applicant shows possession of the claimed invention by describing the 

im/pntinn c QQ i nr tonri v. America n Airlines. Inc.. 107 F.3d i&oa, \oi*, <* i 
USpS'lIll 1966 Fed. Cir. 1997). Possesion may be shown m a variety of 

applicant was in possession of the claimed invention. 

In the instant case, none of these criteria have been met. There was no 
reduction to practice, and the specification only refers to method steps involving 
proteins, genes and "genetic material." but not cells, as being useful in 
intravenous, intraluminal and angioplasty delivery. Therefore, the rejection is 
maintained. 



Page 
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Claims 7. 11-21. and 25-40 are rejected under 35 U.S.C. 112. first 
paragraph, as failing to comply with the enablement requirement. The claim(s) 
contains subject matter which was not described in the specification in such a 
way as to enable one skilled in the art to which it pertains, or with which it is most 
neariy connected, to make and/or use the invention. The basis of this rejection is 
set forth at pp. 4-20 AND 29-41 of the Advisory Action mailed 26 November 
2004. as well as at pp. 5-17 AND 24-28 of the Final Office Action mailed 01 June 
2004. 

Applicant's arguments ( PP . 12-14. amendment received 21 November 
2005) have been fully considered but are not found to be persuasive for the 
following reasons. 

Applicant argues that evidence has been submitted to support enablement 
of the methods claimed in claims 16. 17, 30. and 31 . Applicant points to Strauer 
2002 and Strauer 2005 as repotting successful heart repair. Applicant indicates 
that there can be no "timing issue" that would require more than routine 
experimentation. This has been fully considered but is not found to be 
persuasive. Strauer (2002. Circulation 106:913. 1918) disclose balloon catheter 
injection of bone marrow cells to repair a dead portion of a heart. Claims 16. 17. 
30. and 31 pertain to intravenous and intraluminal injection only, and thus Strauer 
is not particularly relevant. Although balloon catheter administration can be 
considered a species of the genus of intraluminal delivery methods, it is not 
commensurate in scope with the claims which read on delivery to the lumen of 
arteries, veins, intestines, heart chambers, lung, peritoneum, etc. Furthermore. 
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Strauer's balloon catheter administration involved infusion of the cells by high- 
pressure injection directly into the necrotic area, to avoid the "wash-away" effect 
of standard intraluminal administration (Strauer. p. 1917, third paragraph of left 
column). It is noted that the specification as originally filed provides no guidance 
regarding high-pressure injection. Thus the post-filing date publication of Strauer 
cannot be relied upon to support enablement of the claims, as it uses methods 
which were not disclosed in the specification as originally filed. Additionally. 
Strauer specifically points out the shortcomings of intravenous administration of 
cells for heart therapy at p. 1917, second paragraph of the left column, where 
they state that "only a very small fraction of infused cells can reach the infarct 
region," "intravenous application would require many circulation passages to 
enable infused cells to come into contact with the infarct-related artery," and 
"homing of cells to other organs could considerably reduce the numbers of cells 
dedicated to cell repair in the infracted zone." Thus, Strauer specifically provides 
evidence of non-enablement of the instant claims reciting intravenous 
administration of cells. "Strauer 2005" was not attached to the amendment. 
However, it was cited in a related application, and thus is made of record on the 
accompanying Notice of References cited. Strauer et al. (2005, J. Am. Coll. 
Cardiol. 46:1651-1658) used the same procedure as that in Strauer 2002, and 
thus also does not support enablement of claims 16, 17, 30, and 31 for the same 
reasons as discussed regarding Strauer 2002. 

Regarding claims 7, 11-15, 18-21. 25-29, and 32-34, Applicant argues that 
the rejection must fail considering the totality of the evidence. Applicant urges 
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mat the specification describes standard systems of identification as well as 
known procedures for selecting and isolating known cells (bone marrow stem 
cells) and known apparatus and methods for administering such cells to achieve 
the desired therapeutic result. Applicant indicates that specification describes 
specific materials and administration routes. This has been fully considered but 
is not found to be persuasive. Applicant does not point to any specific section of 
the specification as supporting these statements. The previous Office Actions 
have reviewed the specification's teachings and found that they do not provide 

enablement for the instant claims. 

Applicant argues that the examiner has failed to consider the generic 
concept of selecting well-known appropriate cells and administering such cells 
using well-known methods and apparatus to grow muscles and arteries in a 
human patient's heart that do not occur in nature. Applicant urges that the 
examiner has failed to cite any evidence in the record showing this concept in the 
prior art. This has been considered but is not found to be persuasive in that it is 
a confusing argument. Is Applicant admitting that the claimed methods were so 
well known in the prior art that the specification need not have disclosed anything 
in addition to the prior art? Also, if the examiner had found evidence that the 
concept occurred in the prior art, then no enablement rejection would have been 
made. However, additional prior art rejections under 35 U.S.C. §§ 102 and 103 
may have been made. Finally, 35 U.S.C. § 1 12, first paragraph, requires that the 
specification set forth what Applicant contemplates as the invention and provide 
sufficient disclosure so that the skilled artisan can make and use the claimed 
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invention without undue experimentation. It is improper to pick and choose 
among unconnected sections of a specification in an attempt to capture another 
research group's post-filing date discoveries. 

Finally. Applicant points to the Perin et al. trials as evidence that nothing 
more than routine experimentation was required to carry out the technique. 
Applicant characterizes Perin et al. as following Applicant's basic regimen. This 
has been fully considered but is not found to be persuasive. The Perin et al. 
evidence has already been considered. Perin refers to "transendocardial" 
injections of cells and "intramyocardial" injections of cells, both of which appear 
to be intramuscular forms of administration. Thus, Perin also cannot be used to 
support enablement of the rejected claims which recite intravenous or 
intraluminal administration of cells. Furthermore, the Perin et al. evidence 
submitted by Applicant is merely an Abstract which does not set forth any 
experimental details such that it can be ascertained whether or not Perin et al. 
used the same approach as that set forth in the claims corresponding to the 
same scope, or whether or not methods or materials other than those 
contemplated by Applicant were used. In other words, it cannot be ascertained 
whether or not Perin et al. constitutes evidence commensurate in scope with the 
claims. 

Applicant submitted an article in an IDS dated 09 January 2006 
(McDougall, 2005, Men's Health, pp. 164-171 and 194) to support enablement of 
the claimed invention. The reported information is based on an interview with Dr. 
Perin regarding his stem cell therapy approach for treating heart disease. 
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Applicant quotes form the article that "it s like Miracle-Gro for your heart." 
Applicant characterizes the article as describing the procedure of injecting 
autologous bone marrow stem cells by catheter into the patient's heart as 
"astonishingly easy." Applicant argues that this submission is consistent with the 
expert evidence proffered by Drs. Heuser and Lorincz and supports Applicant's 
arguments that one skilled in the medical arts would have to resort to nothing 
more than routine experimentation to practice the described and claimed 
invention. Applicant urges that such submission further evinces the 
novel/pioneering nature of applicant's invention which uses old materials, old 
apparatus and old and well known methods to achieve a truly novel and 
miraculous result. This has been fully considered but is not found to be 
persuasive. The article submitted by Applicant is from "Men's Health" magazine, 
which is written for lay people, not those of ordinary skill in the art. Thus, any 
statements in the article regarding the ease or simplicity of the procedure are 
misleading. They may appear simple to the patient receiving the therapy; 
however, this has no bearing on how much research was involved in developing 
the techniques used. The research referred to in the article was that of Dr. Perin. 
So far, only a lay person's magazine article and an abstract have been submitted 
regarding Dr. Perin's trials. Such do not set forth the details relevant to the 
question of whether or not Dr. Perin's work supports enablement of the instant 
invention. 

In view of the preponderance of the totality of the evidence, the 
enablement rejection is properly maintained. 
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35 U.S.C. § 112, Second Paragraph 

Claims 13 and 27 remain rejected under 35 U.S.C. 112, second 
paragraph, as being indefinite for failing to particularly point out and distinctly 
claim the subject matter which applicant regards as the invention. The basis of 

this rejection is of record. 

Applicant's arguments (pp. 7-11 of the amendment received 21 November 
2005) have been fully considered but are not found to be persuasive for the 

following reasons. 

Applicant reviews the recent finding in Phillips v AWH Corporation (75 
USPQ2d 1321) that claims are generally given their ordinary and customary 
meaning in the art, and that claims should be read in the context of the 
disclosure. Applicant argues that PNHifis states that extrinsic evidence is less 
significant than the intrinsic record. Applicant points to the finding in Phinifis that 
dictionary evidence can be useful, but such evidence is less reliable than 
specifications and prosecution histories. Applicant argues that the examiner 
should interpret the words "multifactorial and non-specific" in light of the 
specification, giving the words their ordinary meaning. Applicant argues that the 
examiner's interpretation is based on non-contextual sources places the terms 
out of context and do not enjoy the same weight of evidence as the specification. 
This has been fully considered but is not found to be persuasive. The examiner 
takes no issue with the general principles discussed in Phillips. The specification 
was the first place consulted by the examiner to breathe life and meaning into the 
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term "multifactorial and non-specific" as applied to cells. As explained previously 
on the record, neither the specification nor the art provides an unambiguous 
definition for the term. Page 37 of the specification states, "Multifactorial and 
nonspecific cells (such as stem cells and germinal cells) can provide the 
necessary in vivo and in vitro cascade of genetic material once an implanted 
master control gene's transcription has been activated." The use of "such as" 
clearly implies that the term "multifactorial and non-specific cells" is intended to 
encompass cells other than stem cells and germinal cells. However, neither the 
specification nor the art disclose what these other cells are. In the absence of 
this information, the skilled artisan cannot determine the metes and bounds of 
the claims at issue. The functional portion of the definition, "...providers] the 
necessary in vivo and in vitro cascade of genetic material ..." makes no sense. 
What is a cascade of genetic material? Thus, the specification does not define 
these terms, and the metes and bounds of the claimed invention cannot be 
determined. A search of the prior art indicated that the relevant art also does not 
use the terms "multifactorial and non-specific" in connection with cells. See 
Appendix A, submitted as evidence, regarding a search done in the database 
Medline. The first result uses "multifactorial" to describe diseases. The second 
result uses "multifactorial" to describe a process. The third result uses 
"multifactorial" to describe a process. The fourth result uses "multifactorial" to 
describe analyses. The fifth result uses "multifactorial" to describe a process. The 
sixth result uses "multifactorial" to describe a study. Each of these usages is 
consistent with the examiner's position that the term "multifactorial," given its 
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ordinary and customary usage in the art, is used to describe causes, effects and 

processes, not cells. 

Applicant argues that the examiner's position is supported by a lack of 
search results regarding the terms followed by a series of suppositions and 
speculations regarding the meaning of the terms. Applicant characterizes the 
examiner's position as amounting to nothing more than opinion due to lack of 
evidence. Applicant indicates that while a chemist may interpret "multifactorial" 
to be limited to describing a process, one in the medical arts would not. 
Applicant urges that the term "factor" is well known in the medical art, and that 
"multifactorial" would be understood by one in the medical art to mean more than 
one factor. This has been fully considered but is not found to be persuasive. 
The rejection is supported by evidence. See discussion of the specification and 
attached search results. Applicant has provided no evidence that chemists and 
medical artisans would interpret "multifactorial" in different ways. Finally, 
Applicant's definition of 'multifactorial" as meaning "more than one factor" makes 
no sense when applied to cells. What is a "more than one factor cell?" 

Applicant refers to the fifth supplemental IDS as providing definitions. 
Applicant argues that the definitions are confirming evidence that the disputed 
terms are known and used properly in the specification, and that the IDS 
identifies the terms as adjectives. This has been fully considered but is not found 
to be persuasive. Regarding the dictionary definitions provided by the fifth 
supplemental IDS, the dictionary.nefs definition of multifactorial is "involving or 
depending on several factors or causes (especially pertaining to a condition or 
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disease resulting from the interaction of many genes)." This supports the 
rejection in that the term "multifactorial" is not used to describe cells. It is used to 
describe a cause (for example, of the disease) or an effect (for example, of the 
genes). Similarly, the dictionary. net's definition of nonspecific is "not caused by a 
specific agent; used also of staining in making microscope slides: 'nonspecific 
enteritis'" supports the rejection. "Nonspecific" is not used to describe cells. How 
can cells be "not caused by a specific agent?" The definition uses the term to 
describe causes (i.e.. nonspecific enteritis is a disease caused by undefined 
factors). The selection of thesaurus words quoted by Appellant ("...undestined, 
undetermined, undifferentiated...") is also problematic. Cells can be in various 
stages of differentiation. For example, an embryonic stem cell would clearly be 
completely undifferentiated, as it can differentiate into any cell type. However, a 
promyelocyte is "undifferentiated" to an extent in that it can differentiate into a 
basophil, eosinophil, or neutrophil, whereas it cannot differentiate into any other 
cell type (e.g., keratinocytes, neural cells, muscle cells). The instant specification 
does not clarify whether such intermediate cells are encompassed by the term 
"multifactorial and non-specific." 

Applicant provides definitions from Merriam Webster's Medline Plus 

Medical Dictionary, namely: 

Factor: (noun) a substance that functions in or promotes the 
function of a particular physiological process or bodily system. 
Multifactorial: (adjective) having, involving, or produced by a 
variety of elements or causes. 
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Applicant argues that "factor" means a substance such as a cell that promotes a 
particular physiological process, such as growth of an artery. Applicant argues 
that "multifactorial" is used to denote the quality of a cell when a variety of 
elements (factors) promote the growth of an artery. This has been fully 
considered but is not found to be persuasive. Applicant's definitions support the 
rejection. Applicant equates "factor with "cell." Thus, substituting "cells" for 
"factors" in Applicant's second sentence, "multifactorial" is used to denote the 
quality of a cell when a variety of elements [cells] promote the growth of an 
artery. This simply makes no sense. Regarding the Merriam Webster's Medline 
Plus Medical Dictionary definition of multifactorial, what types of cells have, 
involve, or are produced by a variety of elements or causes? 

Applicant argues that the terms were understood by those skilled in the art, 
pointing to the second supplemental declarations of Drs. Heuser and Lorincz. 
The second supplemental declarations of Drs. Heuser and Lorincz submitted 
under 37 CFR 1 .132 are insufficient to overcome the rejection of claims 13 and 
27 based upon 35 U.S.C. § 1 12, second paragraph because, although the 
declarations use the term "multifactorial and non-specific cells," they do not 
explain what cells are encompassed by the term. See section 7 of each of the 
Heuser and Lorincz second supplemental declarations. In view of the totality of 
the evidence of record, which includes the specification, prior art of record, and 
declarations submitted under 37 CFR 1 .132, an unambiguous definition of the 
term "multifactorial and non-specific cells" has not been provided. 
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Applicant points to the two Strauer et al. publications. Specifically, 
Applicant points to p. 1656 of Strauer 2003 as stating that cardiac lesions are 
multifactorial. This has been fully considered but is not found to be persuasive 
because it supports the instant rejection. Strauer et al. 2003 was not attached to 
the response ; however, as it was cited in a related application, it has been cited 
on a Notice of References Cited and attached to this Office Action. Strauer et al. 
(2003, Circulation 107:929) uses the term "multifactorial" to describe a disease, 
not cells. 

Applicant points to Strauer 2005 as stating that the regenerative potential 
of bone marrow derived stem cells may be explained by any of four mechanisms, 
and that "mechanisms" are further referred to as "factors." Applicant argues that 
the cells can be described as four-factor cells, i.e., multifactorial/ Applicant 
concludes that the totality of the evidence indicates that the rejection should be 
withdrawn. Applicant also argues that "non-specific" is synonymous with "non- 
specialized." This has been fully considered but is not found to be persuasive. 
Strauer 2005 uses "four mechanisms" to describe "regenerative potential," not 
the cells per se. Even if Strauer 2005 could be tortuously construed as 
describing bone marrow stem cells as multifactorial, Strauer 2005 only discusses 
bone marrow stem cells. The specification already indicates that stem cells are 
exemplary of "multifactorial and non-specific" cells. The issue is what cells other 
than stem cells and germinal cells can be considered multifactorial and non- 
specific, given that the art does not apply these terms to cells. 
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In view of the preponderance of the totality of the evidence, the rejection is 
maintained. 



Conclusion 

No claims are allowed. 



Any inquiry concerning this communication or earlier communications from 
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include the degree of limbal %%%stem%%% cell loss, the extent of 
conjunctival disease, and the presence and etiology of ocular surface 
inflammation. Other important factors are tear film and eyelid 
abnormalities, keratinization of the ocular surface, laterality of the 
disease process, health and age of the patient. Careful consideration of 
all of these factors help tremendously in tailoring the most suitable 
method of treatment for each patient. The management of severe ocular 
surface disease has benefited from numerous advances in recent years. At 
one time, available techniques for visual rehabilitation consisted of 
superficial keratectomy, use of artificial tears, tarsorraphy as well as 
lamellar and penetrating keratoplasty. A lamellar or penetrating 
keratoplasty procedure resulted in a stable surface only for as long as the 
donor epithelium was present and once the epithelium sloughed off, the 
ocular surface failed due to conjunctivalization. The last few decades 
enjoyed the development and, especially, progress of new ocular surface 
reconstruction techniques such as amniotic membrane transplantation, limbal 
%%%stem%%% cell transplant procedures, transplantation of cultivated oral 
mucosal or limbal %%%stem%%% cell sheets. This review will briefly focus on 
the indications and methodology of each procedure and the currently 
available clinical data on the results of these procedures. (66 Refs.) 
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OBJECTIVE: Murine marrow cells are capable of repopulating skeletal 
muscle fibers. A point of concern has been the "robustness" of such 
conversions. We have investigated the impact of type of cell delivery, 
muscle injury, nature of delivered cell, and %%%stem%%% cell mobilizations 
on marrow-to-muscle conversion. METHODS: We transplanted green fluorescence 
protein (GFP)-transgenic marrow into irradiated C57BL/6 mice and then 
injured anterior tibialis muscle by cardiotoxin. One month after injury, 
sections were analyzed by standard and deconvolutional microscopy for 
expression of muscle and hematopoietic markers. RESULTS: Irradiation was 
essential to conversion, although whether by injury or induction of 
chimerism is not clear. Cardiotoxin- and, to a lesser extent, PBS-injected 
muscles showed significant number of GFP(+) muscle fibers, while uninjected 
muscles showed only rare GFP(+) cells. Marrow conversion to muscle was 
increased by two cycles of G-CSF mobilization and to a lesser extent by 
G-CSF and steel or GM-CSF. Transplantation of female GFP to male C57BL/6 
and GFP to ROSA26 mice showed fusion of donor cells to recipient muscle. 
High numbers of donor-derived muscle colonies and up to 12% GFP(+) muscle 
cells were seen after mobilization or direct injection. These levels of 
donor muscle chimerism approach levels that could be clinically significant 
in developing strategies for the treatment of muscular dystrophies. 
CONCLUSION: In summary, the conversion of marrow to skeletal muscle cells 
is based on cell fusion and is critically dependent on injury. This 
conversion is also numerically significant and increases with mobilization. 
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The mobilization of haematopoietic progenitor %%%cells%% /o is a 
%%%multifactorial%%% process, still poorly understood at the molecular 
level Mobilized haematopoietic progenitors, as defined by the expression 
of CD34 cell surface molecule, comprise heterogeneous subpopulations of 
cells committed to different haematopoietic lineages. Haematopoietic 
progenitors may be mobilized by chemotherapy alone, haematopoietic growth 
factors alone, or by chemotherapy plus haematopoietic growth factors. The 
choice of a mobilization regimen that allows an optimal yield of 
progenitors with a minimum number of leukaphereses should incorporate, in 
most patients, a disease-specific chemotherapeutic agent(s) plus a 
haematopoietic growth factor, to be continued until completion of harvest. 
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Recent advances in our understanding of the earliest stages of 
hematopoietic cell differentiation, and how these may be manipulated under 
defined conditions in vitro, have set the stage for the development of 
robust bioprocess technology applicable to hematopoietic cells. Sensitive 
and specific assays now exist for measuring the frequency of hematopoietic 
%%%stem%%% cells with long-term in vivo repopulating activity from human as 
well as murine sources. The production of natural or engineered ligands 
through recombinant DNA and/or combinatorial chemistry strategies is 
providing new reagents for enhancing the productivity of hematopoietic 
%%%cell%%% cultures. %%%Multifactorial%%% and dose-response analyses have 
yielded new insight into the different types and concentrations of factors 
required to optimize the rate and the extent of amplification of specific 
subpopulations of primitive hematopoietic cells. In addition, the rate of 
cytokine depletion from the medium has also been found to be dependent on 
the types of cell present. The discovery of these cell-type-specific 



parameters affecting cytokine concentrations and responses has introduced a 
new level of complexity into the design of optimized hematopoietic 
bioprocess systems. (49 Refs.) 
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OBJECTIVES: Prostatic intraepithelial neoplasias (PIN) result from 
abnormal differentiation and proliferation processes within the prostatic 
epithelial cell system. Recent data indicate that basal cells are 
essentially involved in normal and abnormal growth patterns of the human 
prostate. RESULTS: The basal cell layer represents the proliferative 
compartment and most probably houses the prostatic %%%stem%%% cell 
population. Basal cells are targets of several regulatory factors including 
estrogens, androgens, epidermal growth factor and other nonsteroidal growth 
factors. During the malignant transformation of the prostatic epithelium 
(PIN), the basal cell layer loses its proliferative function which is 
transferred to secretory luminal cell types. These proliferative 
abnormalities are attended by severe regulatory disorders of the programmed 
cell death within the prostatic epithelial cell system. The Bcl-2 
oncoprotein which blocks the programmed cell death in the proliferative 
compartment (basal cell layer) in normal conditions, extends to the 
secretory luminal cell types in high-grade PIN lesions. This, in turn, may 
increase the genetic instability of the dysplastic epithelium. During the 
process of tumor invasion, the transformed cells lose their basal 
cell-specific phenotype and acquire features of exocrine cell types which 
represent the major phenotype in common prostate cancer. At the point of 
stromal invasion, the transformed cells produce neoplastic basement 
membrane material which allows them to penetrate the extracellular matrix. 
CONCLUSION: These data provide theoretical bases for a %%%stem%%% cell 
concept in the development of prostate cancer and highlights the importance 
of basal %%%cells%%% in this %%%multifactorial%%% process. 
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PURPOSE With the correlational study of four cases in several areas 
(clinic, morphoimmunologycal, ultrastructural and genetic) we try to 
valorate the still controversial entity known as T-cell rich B-ceii 
lymphoma (TRBL). and stablish some useful clues in order to settle down the 
differential diagnosis between TRBL, Hodgkin's disease (HD) and T-cell 
non Hodgkin's lymphomas (TNHL). PATIENTS AND METHODS: Cases proceeded from 
Oncology Department, and had been firstly misdiagnosed either as HD (o 
cases) or as TNHL (1 case). Biopsies were processed and stained in routine 
way H&E Giemsa and Wilder. Immunohystological study, using monoclonal 
antibodies' against B-cells, T-cells, histiocytes, activation and 
proliferation markers, was also performed with avidin biotine peroxidase 
(ABC) method. Ultrastructural study was performed in three of the cases; 
two patients were studied by PCR and Southern blot. RESULTS: All of the 
cases showed a diffuse hystological pattern, with variable fibrosis, and 
proliferation of venules and capillaries. Small lymphoid cells, being 
positive for CD3, were dominant. Large blastic cells, positive for CD20, 
some of them with a Sternberg-like appearance, could be found, in a spitty 
pattern Histiocytes were abundant and positive to CD68. Proliferation 
index (Ki-67) ranged between 13 and 24.5% being the stain mainly positive 
for B-cells and in a certain extent, also for T-cells. Ultrastructural 
features were closer to those of the NHL than to the ones found in HD. 
Molecular study failed to prove any rearrangement. CONCLUSIONS: TRBL is a 
rare entity between B-cell NHL group. Diagnosis and differential diagnosis 
(mostly with HD and T-cell NHL) have to be properly made, because of the 
very distinct prognosis and therapy. 
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ABSTRACT 



In accordance with the present invention, EC progenitors 
can be used in a method for regulating angiogenesis, i.e., 
enhancing or inhibiting blood vessel formation, in a selected 
patient and in some preferred embodiments for largctting 
specific locations. For example, the EC progenitors can be 
used to enhance angiogenesis or to deliver an angiogenesis 
modulator, e.g. anli- or pro-angiogenic agenis, respectively 
to sites of pathologic or utilitarian angiogenesis. 
Additionally, in another embodiment, EC progenitors can be 
used to induce reendotheliatization of an injured blood 
vessel, and thus reduce restenosis by indirectly inhibiting 
smooth muscle cell proliferation. 

11 Claims, 7 Drawing Sheets 





Fig, if FIG, IF 




FIG, 1G 




U.S. Patent _ Nov. 9, 1999 Sheet 2 of 7 — 5,980,887 

FIG. 2 




NO (PIC0M0LES/10 5 CELLS) 

FIG. 7 




U.S. Patent \_ Nov. 9, 1999 



Sheet 4 of 7 



5,980,887 



FIB. 4 



-«...-.i.-.WMUAV^.Vrt 



\ 




FIB. 9 



U.S. Patent \_ Nov. 9, 1999 



Sheet 5 of 7 



5,980,887 



FIG. 6A FIG. 68 




FIG . 6C 



FIG. 60 



U.S. Patent ^ . Nov. 9, 1999 



Sheet 6 of 7 



5,980,887 



MB CD34+ 




FIG.8A 



g MB CD34+ 




FIG.8C 



0 

0 


MB CD34 + 


o 








t 


o 


0 



FIG. 8E 





UEA-I 


0 





FIG.8B 




F IG.8F 



U.S. Patent 



Nov. 9, 1999 



Sheet 7 of 7 -~- 



5,980,887 




FIG.8J 



FIG.8K 



1 

METHODS FOR ENHANCING 
ANGIOGENESIS WITH ENDOTHELIAL 
PROGENITOR CELLS 

BACKGROUND OF THE INVENTION 

Blood vessels are the means by which oxygen and nuiri- 
enis arc supplied lo living tissues and waste products 
removed from living tissue. Angiogenesis is the process by 
which new blood vessels are formed, as reviewed, for 
example, by FoLkman and Shing, J. Biol. Chem. 267 (16) 
10931-10934 (1992). Thus angiogenesis is a critical pro- 
cess. It is essential in reproduction, development and wound 
repair. However, inappropriate angiogenesis can have severe 
consequences. For example, it is only after many solid 
tumors are vascularized as a result of angiogenesis that the 
tumors begin lo grow rapidly and metastasize. Because 
angiogenesis is so critical to these functions, it must be 
carefully regulated in order lo maintain health. The angio- 
genesis process is believed to begin with the degradation of 
ihe basement membrane by proteases secreted from endot- 
helial cells (EC) activated by mitogens such as vascular 
endothelial growth factor (VEGF) and basic fibroblast 
growth factor (bFGF). The cells migrate and proliferate, 
leading to the formation of solid endothelial cell sprouts into 
the stromal space, then, vascular loops are formed and 
capillary tubes develop with formation of light junctions and 
deposition of new basement membrane. 

In the adults, the proliferation rate of endothelial cells is 
typically low compared to other cell types in the body. The 
turnover lime of these cells can exceed one thousand days. 
Physiological exceptions in which angiogenesis results in 
rapid proliferation occurs under light regulation are found in 
ihe female reproduction system and during wound healing. 

The rale of angiogenesis involves a change in the local 
equilibrium between positive and negative regulators of the 
growih of microvessels. Abnormal angiogenesis occurs 
when the body loses its control of angiogenesis, resulting in 
either excessive or insufficient blood vessel growth. For 
instance, conditions such as ulcers, strokes, and heart attacks 
may result from the absence of angiogenesis normally 
required for natural healing. On the contrary, excessive 
blood vessel prolife ration may favor tumor growth and 
spreading, blindness, psoriasis and rheumatoid arthritis. 

The therapeutic implications of angiogenic growih factors 
were lirst described by Folkman and colleagues over two 
decades ago (Folkman, N. Engl. J. Med. % 285:1182-1186 
( 1971)). Thus, there are instances where a greater degree of 
angiogenesis is desirable — wound and ulcer healing. Recent 
investigations have established the feasibility of using 
recombinant angiogenic growth factors, such as fibroblast 
growih factor (FGF) family (Yanagisawa-Miwa, et al., 
Science, 257:1401-1403 (1992) and Baffour, el al., J Vase 
Surg, 16:181-91 (1992)), endothelial cell growth factor 
(ECGF)(Pu. et al.,./ Surg Res, 54:575-83 (1993)), and more 
recently, vascular endothelial growth factor (VEGF) to 
expedite and/or augment collateral artery development in 
animal models of myocardial and hindlimb ischemia 
(Takeshila, el a!., Circulation, 90:228-234 (1994) and 
Takeshila, et al., J Clin Invest, 93:662-70 (1994)). 

Conversely, there are also instances, where inhibition of 
angiogenesis is desirable. For example, many diseases arc 
driven by persistent unregulated angiogenesis. In arthritis, 
new capillary blood vessels invade the- joint and destroy 
cartilage. In diabetes, new capillaries invade the vilreous, 
bleed, and cause blindness. Ocular neovascularization is ihe 
most common cause of blindness. Tumor growih and 



5,980,887 



A'evcr, new jigenis tlni 



10 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



metastasis are angiogenesis-dcpendeni. A tumor must con- 
tinuously stimulate the growth of new capillary blood ves- 
sels for the tumor itself to grow. 

The current treatment of these diseases is inadequate. 
Agents which prevent continued angiogenesis. e.g. drui's 
(TNP-470), monoclonal antibodies and" antisense nude"! [■ 
acids, are currently being tested. How« 
inhibit angiogenesis are need. 

Recently, (he feasibility of gene therapy for inociutniiih* 
angiogenesis has been demonstrated. For example, promoi"- 
.ing angiogenesis in the treatment of ischemia was demon- 
strated in a rabbit model and in human clinical trials with 
VEGF using a Hydrogcl-coated angioplasty balloon as Hie 
gene delivery sysiem. Successful transfer and sustained 
expression of the VEGFgene in the vessel wall subsequently 
augmented neovascularization in the ischemic I nub 
(Takeshila, ct al., Laboratory Investigation, 75:487-5112 
(1996); Isner, et al., Lancet, 348:370 (1996)). In addition, i\ 
has been demonstrated that direct intramuscular injection of 
DNA encoding VEGF into ischemic tissue induces 
angiogenesis, providing the ischemic tissue with increased 
blood vessels (U.S. Ser. No. 08/545,998; Tsurumi ci at.. 
Circulation, In Press). 

Alternative methods for regulating angiogenesis arc still 
desirable for a number of reasons. For example, it is believed 
that native endothelial cell (EC) number and/or viability 
decreases over lime. Thus, in certain patient populations, 
e.g., the elderly, the resident population of ECs thai is 
compeient to respond to administered angiogenic cytokines 
may be limited. 

Moreover, while agents promoting or inhibiting angio- 
genesis may be useful at one location, they may be unde- 
sirable at another location. Thus, means lo more precisely 
regulate angiogenesis at a given location are desirable. 

SUMMARY OF 11 IE INVENTION 

We have now discovered that by using techniques simitar 
lo those employed for MSCs, EC progenitors can be isolated 
from circulating blood. In vitro, these cells differentiate into 
ECs. Indeed, one can use a mult {potentiate undifferentiated 
cell as long as it is still capable of becoming an EC, if one 
adds appropriate agenls to result in it differentia lint: into an 
EC. 

We have also discovered lhat in vivo, heterologous, 
homologous, and autologous EC progenitor grafts incorpo- 
rate into siles of active angiogenesis or blood vessel injury, 
i.e. they selectively migrate lo such locations. This obser- 
vation was surprising. Accordingly, one can target such sites 
by the present invention. 

The present invention provides a method for regulating 
angiogenesis in a selected patient in need of a change in the 
rate of angiogenesis at a selected site. Hie change in 
angiogenesis necessary may be reduction or enhancement of 
angiogenesis. This is determined by the disorder lo he 
treated. In accordance with the method of the present 
invention, an effective amount of an endothelial progenitor 
cell or modified version thereof lo accomplish the desired 
result is administered to ihe patient. 

In order lo reduce undesired angiogenesis, for example, in 
the treatment of diseases such as rheumatoid arthritis, 
psoriasis, ocular neovascularization, diabetic retinopathy, 
neovascular glaucoma, angiogenesis-dependent tumors and 
lumor metastasis, a modified endothelial cell, having heen 
modified to contain a compound lhal inhibits angiogenesis, 
e.g., a cytotoxic compound or angiogenesis inhibitor, can he 
administered. 
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lo enhance angiogenesis, tor example in ihe irealmenl of 
cerebrovascular ischemia, renal ischemia, pulmonary 
ischemia, limb ischemia, ischemic cardiomyopathy and 
myocardial ischemia, endothelial progenitor cells are admin- 
istered. To fiinher enhance angiogenesis an endothelial 
progenitor cell modified to express an endothelial cell mito- 
gen may be used. Additionally, an endothelial cell mitogen 
or a nucleic acid encoding an endothelial cell mitogen can 
further be administered. 



CCI AAC, SEQ ID NO:2) lo deteel ecNOS mKNA f w -,l 
ahquots ot the amplified product were analysed on , <i 
agarose gel. Only a single hand was observed, correspond- 

1-MB , Lane 2eMB , /J - , u , l.ane 3«a-i< w- 
Lane 4-AT co »* after 7 d 
6«HUVECs. 



tie 
La nc 



AT* alter 3 d, 
5-HCSMCs. Lane 



FIG. 5 is a graph illustrating NO release from AT 0 ' 1 " 
, WaS me « u red with an NO-specifie polarographic electrode 

In another embodiment, the present invention provides io connected lo an NO meter (lso-NO, World Prec ision 



methods of enhancing angiogenesis or treating an injured 
blood vessel. In accordance with these methods, endothelial 
progenitor cells are isolated from the patient, preferably 
from peripheral blood, and readministering to Ihe patient. 
The patient may also he treated with endothelial cell mito- 
gens to endothelial ceil growth. The vessel injury can be the 
result ot" balloon angioplasty, deployment of an endovascu- 
I a r ste nt or a v ascu 1 a r g ra li . 

The present invention also provides a method of screening 
lor Ihe presence of ischemic tissue or vascular injury in a 
patient. The method involves contacting the patient with a 
labelled EC progenitor and delecting the labelled cells at the 
site of the ischemic tissue or vascular injury. 

The present invention also includes pharmaceutical prod- 
ucts and kit for all the uses contemplated in the methods 25 
described herein. 
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Instruments) (17). Calibration of NO electrode was per- 
formed daily before experimental protocol according to i„ c 
following equation: 2KNO., + 2KI + 2H,S04 — 2NO + K + 
2H 2 0+2K 2 SO„. standard calibration curve was obtained In- 
adding graded concentrations of K.NO, (O-.SOU nmol'I ) m 
calibration solution containing KI and H.SG4. Specificity ot 
the electrode to NO was previously documented bv mea- 
surement ot NO from authentic NO *as (18) A] <OM ' 
cultured in 6-weII plate were washed and Mien bathed in S ml 
of filtered Krebs-Henseleit solution. Cell plates were kept on 
a slide warmer (Lab Line Instalments) to maintain tempera- 
ture between 35 and 37° C. For NO measurement, sensor 



Other aspects of the invention are disclosed infra. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1G show cell shape and formation. FIG. 1A 
shows spindle shaped attaching cells (AT^ 34 *) 7 days after 
plating MB C£>34+ on fibronectin with standard medium (10). 
Network formation (IB) and cord-like structures (1C) were 
observed 48 h after plating co-culture of MB C/)3<I+ , labeled 
with Dil dye (Molecular Probe), and unlabeled MB CZ " 4 " 
(ratio of 1:100) on fibroncclin-coated dish. These cords 
consisted principally of DiMabcled MB C/534 * derived cells 
(AT 0034 *). Beginning 12 h after co-culture, MB CD ™+ 
derived celts demonstrated multiple foci of cluster formation 



probe was inserted vertically into the wells, and the tip of the 
electrode remained 2 mm under the surface of the solution 
Measurement of NO, expressed as pmol/10* cells, was 
performed in a well with incremental doses of VEGI" ( 1 . 10. 
100 ng/m!) and Ach (0.1, J , .10 ,//M). MUVLCs and bovine 
aortic ECs were employed as positive controls, l or negative 
control, HCSMCs, NO was not delectable. All values 
reported represent means of 10 measurements for each 
30 8 rou P- 

FIGS. 6A-6D show co-culture of MB™-" 14 * with 
HUVECs. Freshly isolated MB CD3 " + . were labeled with Oil 
dye and plated on a confluent HUVEC monolayer attached 
to a fibronectin-coaled chamber slide at a density of 278 
cells/mm 2 (Nunc). Differentiation of MB cn:u * into spindle 



shaped attaching cells (AT 



*') (red fluorescence) was 



observed among HUVECs within 12 h (6 A). The AT"'"' U 
number increased on monolayer for 3 d (6B), while mesh- 
work structures were observed in some areas (6C). Three 

i tii clays after co-culture, both cells were re -seeded on M atrial 

(ID, IE,). AT^ 34 * sprout from toe periphery' while round 40 ( BccIon Dickinson)-coaled slides and within 12 h disclosed 



cells remain in the center and detach from the cluster several 
clays later. After 5 d, uptake of acLDL-Dil (Molecular Probe) 
was seen in aV 7DM + at the periphery but not the center of 
the cluster (1F,1G). 
FIG. 2 shows the number of AT^ 03 ' 1 * 12 h and 3 d after 



single culture of MB* 



on plastic alone (CD34+/non), 



collagen coating (CD34+/COL), or fibronectin (CD34+/ 
FN), and MB 0 "* 1 ' on fibronectin (CD34-/FN). AT 0034 * 
yielded significantly higher number of cells at 12 h and 3 cl 
when plated on fibronectin (p<0.05, by ANOVA). 

FIG. 3 shows FACS analysis of freshly isolated MB c/334+ , 
AT™ 34 * after 7 days in culture, and HUVECs. Cells were 
labeled with FITC using antibodies against CD34, CD31 
(Biodesign); Ftk-1, Tie-2 (Santa Cruz Biotechnology); and 55 
CD45. All results were confirmed by triplicate experiments. 
Shaded area of each box denotes negative antigen gate, 
white area denotes positive gate. Numbers indicated for 
individual gales denote percentage of cells determined by 
comparison with corresponding negative control labeling 

FIG. 4 shows expression of ecNOS mRNA in MB^ 34 



M13 



AT^" 34 *, human coronary smooth muscle cells 



(HCSMCs) and HUVECs. DNA was reverse transcribed 
from-lxlO 6 cells each. Equal aliquots of the resulting DNA 
were amplified by PCR (40 cycles) with paired primers 65 MB' 
(sense/aniiscnse: AAG ACA TIT TCG GGC TCA CGC 
TGCGCA CCC/TGG GGTAOG CAC TTT AGT AGTTCT 



capillary network formation, consisting of Oil-labeled 
AT 0034 * and HUVECs (60). 

NG.7 shows the effect of activated ECs and VEGF on 
MB •' * differentiation was investigated bv pre treat mem of 
45 HUVEC with TNF-ct (20 ng/ml) for* 1 2 h, and/or incubation 
of AT^'VMUVEC co-culture with VEGF (50 ng/ml). 

FIGS. 8A-8K show sections retrieved from ischemic 
hindlimb following in vivo administration of heterologous 
(FIGS. 8A-8M), homologous (81), and autologous (8.LSK) 
50 EC progenitors. (8A.8B) Red fluorescence in small inter- 
muscular artery 6 wks after injection of Oil-labeled 
MB c£,3 ' u . Green fluorescence denotes EC-specific lectin 
UEA-1. (8C). Dil (red) and CD31 (green) in capillaries 
between muscles, photographed Ihrough double filter 4 wks 
after Dil-iabeled MB""** injection. (8D) Same capillary 
structure as in (C), showing CD31 expression by MB tr/>v,r * 
which have been incorporated into host capillary structures 
expressing CD31. (8E.8F) Immunostaining 2 wks after 
MB 07 " 4 "* injection shows capillaries comprised of Oil- 
labeled MB C ° 34 * derived cells expressing lie -2 receptor 
(green fluorescence). Most MB co?J * derived cells are tie-2 
positive, and are integrated with some tie-2 positive native 
(host) capillary cells identified by absence of red fluores- 
cence. (8G,8H) Two wks after injection of Dil -labeled 



60 



Although isolated MB C 



derived cells (red) 



can be observed between muscles, but these cells do not 
express CD31. 
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(81) Immunohistoehemical, |}-galaclosidase staining of 
muscle harvested from ischemic limb of B6, 129 mice 4 wks 
following administration of MB r/A '" u isolated from 
(t-galactosidasc transgenic mice. Cells overexpressing 
p-galactosidasc (arrows) have been incorporated into capil- 
laries and small arteries; these cells were identified as ECs 
by ami-CD31 antibody and BS-1 lectin. 

(8.1 ,8 K) Sections of muscles harvested from rabbit 
ischemic hindlimb 4 wks after administration of autologous 
MB* 1 '™*. Dil fluorescence (J) indicates localization of 
MB*" 034 * derived cells in capillaries seen in phase contrast 
photomicrograph (8K). Each scale bar indicates 50 ^/m. 

FIG. 9 is a photograph from a scanning electron micro- 
scope showing that EC progenitors had adhered to the 
denuded arterial surface and assumed a morphology sug- 
gestive of endothelial cells. 

DETAILED DESCRIPTION OF THE 
INVENTION 

We have now discovered a means to regulate 
angiogencsis, to promote angiogenesis in certain subject 
populations, and to more precisely target certain tissues. 
These methods all involve the use of endothelial cell pro- 
genitors. One preferred progenitor cell is an angioblasl. 

Post-natal neovascularization is believed to result exclu- 
sively from the proliferation, migration, and remodeling of 
fully differentiated endothelial cells (ECs) derived from 
pre-existing native blood vessels (1). This adult paradigm, 
referred to as angiogenesis, contrasts with vasculogenesis, 
the term applied to formation of embryonic blood vessels 
from EC progenitors (2). 

In contrast to angiogenesis, vasculogenesis typically 
begins as a cluster formation, or blood island, comprised of 
EC progenitors (e.g. angioblasts) at the periphery and 
hematopoietic stem cells (HSCs) at the center (3). In addi- 
tion to this intimate and predictable spatial association, such 
EC progenitors and HSCs share certain common antigenic 
determinants, including flk-1, lie-2, and CD-34 
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modulator, e.g. anti- or pro- angiogenic agents, respectively 
to sites of pathologic or utilitarian angiogenesis. 
Additionally, in another embodiment, EC progenitors can he 
used to induce reendothelialization of an 'injured blood 
vessel, and thus reduce restenosis by indirectly inhibit inii 
smooth muscle cell proliferation. 

In one preferred embodiment the EC cells can be used 
alone to potentiate a patient for angiogenesis. Some patient 
population, typically elderly patients, may have either a 
limited number of ECs or a limited number of functional 
ECs. Thus, if one desires to promote angiogenesis. for 
example, to stimulate vascularization by using a potent 
angiogenesis promotor such as VEGF, such vascularization 
can be limited by the lack of ECs. However, by adminis- 
tering the EC progenitors one can potentiate the vascular- 
ization in those patients. 

Accordingly, the present method permits a wide range of 
strategies designed to modulate angiogenesis such as pro- 
moling neovascularization of ischemic I issues (24). EC." 
mitogens such as VEGF and bFGF, for example, have been 
20 employed to stimulate native ECs to proliferate, migrate, 
remodel and thereby form new sprouts from parent vessels 
(25). A potentially limiting factor in such therapeutic para- 
digms is the resident population of ECs that is competent to 
respond to administered angiogenic cytokines. The finding 
25 that NO production declines as a function of age (26) may 
indicate a reduction in EC number and/or viability thai could 
be addressed by autologous EC grafting. The success dem- 
onstrated to dale with autologous grafts of HSCs derived 
from peripheral blood (5) supports the clinical feasibility of 
a "supply side" approach to therapeutic angiogenesis. Hie in 
vivo data set forth herein indicate that autologous EC 
transplants are feasible, and the in vitro experiments indicate 
that EC progenitors (MB CW ' U derived ECs) can be easily 
manipulated and expanded ex vivo. 

Our discovery that these EC progenitors home to foci of 
angiogencsis makes these cells use till as autologous vectors 
for gene therapy and diagnosis of ischemia or vacular injury. 
For example, these cells can be utilized to inhibit as well as 
augment angiogenesis. For anti- neoplastic therapies, for 
example, EC progenitors can be transfected with or coupled 
Consequently, these progenitor cells have been interpreted 40 to cytotoxic agents, cytokines or co- stimulatory molecules 
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to derive from a common hypothetical precursor, the hem an- 
gioblast (3,4). 

The demonstration that transplants of HSCs derived from 
peripheral blood can provide sustained hematopoietic recov- 
ery constitutes inferential evidence for circulating stem 
cells. (5). This observation is now being exploited clinically 
as an alternative to bone marrow transplantation. 

We have now discovered that by using techniques similar 



to stimulate an immune reaction, other anti- tumor drugs or 
angiogenesis inhibitors. For treatment of regional ischemia, 
angiogenesis could be amplified by prior transfeciion of EC 
progenitors to achieve constitutive expression of angiogenic 
45 cytokines and/or selected matrix proteins (27). In addition, 
the EC progenitors may be labelled, e.g., radiolabeled, 
administered to a patient and used in the detection ol 
ischemic tissue or vacular injury. 

EC progenitors may be obtained from human mono- 



to those employed for HSCs, EC progenitors can be isolated 50 nuclear cells obtained from peripheral blood or bone marrow 



from circulating blood. In vitro, these cells differentiate into 
EC's. Indeed, one can use a multipotentiate undifferentiated 
cell as long as it is still capable of becoming an EC, if one 
adds appropriate agents to result in it differentiating into an 
EC. 

We have also discovered that in vivo, heterologous, 
homologous, and autologous EC progenitor grafts incorpo- 
rate into sites of active angiogenesis or blood vessel injury, 



of the patient before treatment. EC progenitors may also he 
obtained from heterologous or autologous umbilical cord 
blood. Peripheral blood is preferred due to convenience. The 
leukocyte fraction of peripheral blood is most preferred. EC 
55 progenitors may be isolated using antibodies that recognize 
EC progenitor specific antigens on immature human 
hematopoietic progenitor cells (HSCs). For example, COM 
is commonly shared by EC progenitor and HSCs. CD 34 is 
expressed by all HSCs but is lost by hematopoietic cells as 



i.e. they selectively migrate to such locations. This obser- 

valion was surprising. Accordingly, one can target such sites 60 ihey differentiate (6). It is also expressed by many, including 
liv the uresent invention. most activated, ECs in the adult (7). Flk-1. a receptor for 



by the present invention. 

In accordance with the present invention, EC progenitors 
can be used in a method for regulating angiogenesis, i.e., 
enhancing or inhibiting blood vessel formation, in a selected 
patient and in some preferred embodiments for largetting 
specific locations. For example, the EC progenitors can be 
used lo enhance angiogenesis or to deliver an angiogenesis 



vascular endothelial growth factor (VEGF) (8), is also 
expressed by both early HSCs and ECs, but ceases to be. 
expressed in the course of hematopoietic differentiation (9). 

To obtain the EC progenitors from peripheral blood about 
5 ml to about 500 ml of blood is taken from the patient. 
Ppreferably, about 50 ml to about 200 ml of blood is taken. 
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EC progenitors can be expanded in vivo by administration in ^ , m u ft ^ 
of recruitment growth factors, e.g.. GM-CSF VndlL 2 to Z ,1 0ne ' mb ° dimcnt . lhe P^scnt invention may be used to 

patient prior to removing the progenitor cells ' fi^ ^ ^ . tarm " lion in «hcmic .iksue. , c, n 

Methods for obtaining and using hematopoietic progeni- "^"ud? for* "V J I'" 

tor cells >" autologous transplantation arc disclosed in U.S. s muscle, brain, kidney and lung l«hem^ 

^ re^re ce 99,942 ' "* diSC, ° SUrC °' ^ iS *>' 

' , w lh , „ m0 " ary Ischcmifl . ""lb ischemia, ischemic cardiomyopathy 

Unce the progenitor cells are obtained by a particular and myocardial ischemia. ' 

separation technique, ihey may be administered to a selected If it is desirable to further enhance aimioacncsk enrlm 

panem to treat a number of conditions including, for « helial cell mitogens may also be ad^ 

^ m £u U r 8 V r^T iS " bI °° d VCSSCl in '^ " with, or subsequent to. h dm n is ; , 

11k cells may also be stored in cryogenic conditions. the EC progenitor cells. Endothelial cell m 

Optionally the ceils may be expanded ex vivo using, for administered directly, e.g.. intra-ar er^i y " ^.c2 v 

example the method disclosed by U.S. Pat. No. 5,54*1.03. or intravenously, or nucleic acid c ^^Z^ ^ 

the disclosure ot wh.ch ,s incorporated by reference. » be used. See. Baffour. et al.. supra (bl^ 

Hie progenitor cells are administered to the patient by any Circulation, 88:208-215 (1993) (aFGF); Yanagisawa'-Miw 

suitable means, including, for example, intravenous et a I., supra (bFGF); Ferrara, ct a I., lUoc/iem. tiiophys Rc\ 

infusion, bolus injection, and site directed delivery via a Comnutn., 161:851-855 (1989) (VEGF); (Takeshita el il 

catheter. Preferably, the progenitor cells obtained from the Circulation, 90:228-234 (1994)). ' 

patient arc readminisiercd. Generally, from about 10 fi to 20 The nucleic acid encoding the EC mitogen can he admin- 

about 10 progenitor cells are administered to the patient istcrccl to a blood vessel pcrlusina the ischemic tissue or u. 

lor transplantation. a site of vascular injury via a Catheter, for example, a 

Depending on the use of the progenitor cells, various hydrogel catheter, as described by U.S. So r. No. 08/675.523. 

genetic material may be delivered to the cell. The genetic „ lhe disclosure of which is herein incorporated by reference 

material that is delivered to the EC progenitors may be The nucleic acid also can be delivered by injecYion directly 

genes, for example, those that encode a variety of proteins int0 lne ischemic tissue using the method described in U S 

including anticancer agents. Such genes include those Scr. No. 08/545,998. 

encoding various hormones, growth factors, enzymes, As used herein the term "endothelial cell mitogen" means 

cytokines, receptors, MHC molecules and the like. The term 30 any protein, polypeptide, mutein or portion that is capable 

"genes" includes nucleic acid sequences both exogenous and of, directly or indirectly, inducing endothelial cell growth 

endogenous to cells into which a virus vector, for example, Such proteins include, for example, acidic and basic lihro- 

a pox virus such as swine pox containing the human TNF blast growth factors (a FG F and bFGF), vascular endothelial 

gene may be introduced. Additionally, it is of interest to use growth factor (VEGF), epidermal growth factor (EOF), 

genes encoding polypeptides for secretion from the EC 35 transforming growth factor a and |3 (TGF-u and TFG-p) 

progenitors so as to provide for a systemic effect by the platelet-derived endothelial growth factor (PD-EOGI). 

protein encoded by the gene. Specific genes of interest platelet-derived growth factor (PDGF), tumor necrosis fac* 

include those encoding TNF, TGF-a, TGF-p, hemoglobin, tor a (TNF- a), hepalocyle growth factor (HGF), insulin like 

interleukin-1, interleukin-2, interleukin-3, intcrleukin-4, growth factor (IGF), erythropoietin, colony stimulating fac- 

imcrleukin-5, interlcukin-6, inlerleukin-7, interlcukin-8, 40 lor (CSF), maerophage-CSF (M-CSF), granulocyte/ 

interlcukin-9. intcrleukin-lO. inlerleukin-11, inlerleukin-12 macrophage CSF (GM-CSF) and nitric oxidcsynlliasc 

etc., GM-CSF, G-CSF, M-CSF, human growth factor, (NOS). See, Klagsbrun, el al., Anrut, New Physiol 

co-stimulatory factor B7, insulin, factor VIII, factor IX, 53:217-239 (1991); Folkman, et al., 7. Mai. Chen* 

PDGF, EGF, NGF, lL-ira. EPO, 0-globin, EC mitogens and 267:10931-10934 (1992) and Symes. el al., Current Opin- 

lhe like, as well as biologically active muteins of these 4S ion in Lipidology, 5:305-3 12 (1994). Muteins or fragments 

proieins. The gene may further encode a product that rcgu- ' of a mitogen may be used as long as they induce or promote 

lates expression of another gene product or blocks one or EC cell growth. 

more sleps in a biological pathway. In addition, the gene Preferably, the endothelial cell mitogen contains a scerc- 

may encode a toxin fused to a polypeptide, e.g, a receptor tory signal sequence that facilitates secretion of lhe protein, 

ligand.or an antibody that directs the toxin to a target, such 50 Proteins having native signal sequences, e.g., VEGF, are 

as a tumor cell. Similarly, the gene may encode a therapeutic preferred. Proteins that do not have native signal sequences, 

protein fused to a targeting polypeptide, to deliver a thera- e.g., bFGF, can be modified to contain such sequences usinu 

pemic effect to a diseased tissue or organ. routine genetic manipulaiion techniques. See, Nabel el al, 

The cells can also be used to deliver genes to enhance the Nature, 362:844 (1993). 

ability of the immune system to fight a particular disease or 5S The nucleotide sequence of numerous endothelial cell 

tumor. For example, the cells can be used to deliver one or mitogens, are readily available through n number of com- 

more cytokines (e.g., IL-2) to boost lhe immune system puter data bases, for example. GenBank, EMBL and Swiss- 

and/or one or more antigens. Prot. Using this information, a ONA .segment encoding the 

These cells may also be used to selectively administer desired may be chemically synthesized or, alternatively, 

drugs, such as an anliangiogenesis compound such as 60 such a DNA segment may be obtained using routine prncc - 

O-chloroaceiyl carbamoyl fumagillol (TNP-470). Preferably dures in lhe art, e.g, PGR amplification. A ONA encoding 

the drug would be incorporated into the cell in a vehicle such VEGF is disclosed in U.S. Pal. No. 5,332,671 , the disclosure 

as a liposome, a limed released capsule, etc. The EC of which is herein incorporated by reference, 

progenitor would then selectively hone in on a site of active In certain situations, il may be desirable to use nucleic 

angiogenesis such as a rapidly growing tumor where the 65 acids encoding two or more different proieins in order 

compound would be released. By this method, one can optimize the therapeutic outcome. For example, ONA 

reduce undesired side effects al other locations. encoding two proteins, e.g., VEGF and bFGF, can be used, 
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and provides an improvement over the use of bFGF alone. 
Or an angiogenic factor can be combined with other genes 
or their encoded gene products to enhance the activity of 
targeted cells, while simultaneously inducing angiogenesis, 
including, for example, nitric oxide synthase, L-arginine, 5 
tibronectin, urokinase, plasminogen activator and heparin. 

The term "effective amount" means a sufficient amount of 
compound, e.g. nucleic acid delivered to produce an 
adequate level of the endothelial cell mitogen, i.e., levels 
capable of inducing endothelial cell growth and/or inducing 1° 
angiogenesis. Thus, the important aspect is the level of 
mitogen expressed. Accordingly, one can use multiple tran- 
scripis or one can have the gene under the control of a 
promoter that will result in high levels of expression. In an 
alternative embodiment, the gene would be under the control 15 
of a factor that results in extremely high levels of expression, 
e.g., tat and the corresponding tar element. 

The EC progenitors may also be modified ex vivo such 
that the cells inhibit angiogenesis. This can be 
accomplished, for example, by introducing DNA encoding 
angiogenesis inhibiting agents to the cells, using for 
example the gene transfer techniques mentioned herein. 
Angiogenesis inhibiting agents include, for example, pro- 
teins such as thrombospondin (Dameron et al., Science 
265:1582-1584 (1994)), angiostatin (O'Reilly et al., Cell 
79:315-328 (1994), IFN-alpha (Folkman, J. Nature Med. 
1:27-31 (1995)), transforming growth factor beta, tumor 
necrosis factor alpha, human platelet factor 4 (PF4); sub- 
stances which suppress cell migration, such as proteinase 
inhibitors which inhibit proteases which may be necessary 
for penetration of the basement membrane, in particular, 
tissue inhibitors of melatloproteinase TIMP-1 and TIMP-2; 
and other proteins such as protamine which has demon- 
strated angiostalic properties, decoy receptors, drugs such as 
analogues of the angioinhibin fumagillin, e.g., TNP-470 
(Ingbcr cl al., Nature 348:555-557 (1990), antibodies or 
anlisense nucleic acid against angiogenic cytokines such as 
VFGF. Alternatively, the cells may be coupled to such 
angiogenesis inhibiting agent. 

If the angiogenesis is associated with neoplastic growth 
the EC progenitor cell may also be transfected with nucleic 
acid encoding, or coupled to, anti-tumor agents or agents 
that enhance the immune system. Such agents include, for 
example, TNF, cytokines such as interleukin (IL) (e.g., IL-2, 
IL-4, 1L-10, IL-12), interferons (IFN) (e.g., IFN-y) and 
co-stimulatory factor (e.g., B7). Preferably, one would use a 
multivalent vector to deliver, for example, both TNF and 
iL-2 simultaneously. 

The nucleic acids are introduced into the EC progenitor 
by any method which will result in the uptake and expres- 
sion of the nucleic acid by the cells. These can include 
vectors, liposomes, naked DNA, adjuvant-assisted DNA, 
catheters, gene gun, etc. 

Vectors include chemical conjugates such as described in 
WO 93/04701, which has targeting moiety (e.g. a ligand to 
a cellular surface receptor), and a nucleic acid binding 
moiety (e.g. polylysine), viral vector (e.g. a DNA or RNA 
viral vector), fusion proteins such as described in PCT/US 
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preferred HIV- based vira! vector comprises at least two 
vectors wherein the gag and pol genes are from an HIV 
genome and the env gene is from another vims. DNA viral 
vectors arc preferred. These vectors include pox vectors 
such as orthopox or avipox vectors, herpesvirus vectors such 
as a herpes simplex I vims (HSV) vector [Geller, A. I. eta I.. 
J. Neurochem, 64: 487 (1995); Um, F., et al., in DNA 
Cloning: Mammalian Systems, D. Glover. Ed. (Oxford Univ. 
Press, Oxford England) (.1995); Geller, A. I. cl al., ProcNatl 
Acad. Sci.: U.S. A.: 90 7603 (1.993); Geller. A. I., et al.. AW 
Nat. Acad. Sci USA : 87:1.149 (1990)], Adenovirus Vectors 
[LeGal LaSalle et i\\. t Science, 259:988 (1993); Davidson, ct 
n\. t Nat. Genet 3: 219 (1993); Yang, eta;.. 7. Virol. 69: 2004 
(1995)] and Adeno-associaled Virus Vectors [Kaplitt, M. G.. 
ctal., Nat. Genet. 8:148 (1.904)]. 

Pox viral vectors introduce the gene into the cells cyto- 
plasm. Avipox virus vectors result in only a short term 
expression of the nucleic acid. Adenovirus vectors, adeno- 
associated virus vectors and herpes simplex virus (HSV) 
vectors are preferred for introducing the nucleic acid into 
neural cells. The adenovirus vector results in a shorter term 
expression (about 2 months) than adeno- associated virus 
(about 4 months), which in turn is shorter than HSV vectors 
The particular vector chosen will depend upon the target cell 
and the condition being treated. The introduction can be by 
standard techniques, e.g. infection, trans feet ion, transduc- 
tion or transformation. Examples of modes of gene transfer 
include e.g., naked DNA, CaPO., precipitation, DF.AL-. 
dextran, electroporation, protoplast fusion, lipofecton, cell 
microinjection, viral vectors and use of the "gene gun". 

To simplify the manipulation and handling of the nucleic 
acid encoding the protein, the nucleic acid is preferably 
inserted into a cassette where it is operably linked to a 
promoter. The promoter must be capable of driving expres- 
sion of the protein in cells of the desired target tissue. The 
selection of appropriate promoters can readily be accom- 
plished. Preferably, one would use a high expression pro- 
moter. An example of a suitable promoter is the 763-hase- 
pair cy t omega lo vims (CMV) promoter. The Rous sarcoma 
virus (RSV) (Davis, et al., Hum Gene Thcr 4:151 (1993)) 
and MMT promoters may also be used. Certain proteins can 
expressed using their native promoter. Other elements that 
can enhance expression can also be included such as an 
enhancer or a system that results in high levels of expression 
such as a tat gene and tar element. This cassette can then be 
inserted into a vector, e.g., a plasm id vector such as pUCM IS, 
pBR322, or other known plasm id vectors, that includes, l ot 
example, an E. coli origin of replication. See, Sambrook, et 
al., Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory press, (1989). The plasm id vector may 
also include a selectable marker such as the \\- lactamase 
gene for ampicillin resistance, provided that the marker 
polypeptide does not adversely effect the metabolism of the 
organism being treated. The cassette can also be bound to <i 
nucleic acid binding moiety in a synthetic delivery system, 
such as the system disclosed in WO 95/22618. 

If desired, Ihe preselected compound, e.g. a nucleic acid 
such as DNA may also be used with a mi erode livery vehicle 
such as cation ic liposomes and adenoviral vectors. For a 



95/02.140 (WO 95/22618) which is a fusion protein contain- <so review of the procedures for liposome preparation, targeting 

" " % and delivery of contents, see Mannino and Gould-Fogeiite, 

BioTechniques, 6:682 (1988). See also, Feigner and Holm, 
Betiwsda Res. Lab. Focus, U(2):21 (1989) and Maurcr, R. 
A., Bethesda Res. Lab. Focus, U(2):25 (1989). 
65 Replica t ion -defective recombinant adenoviral vectors, 
can be produced in accordance with known techniques. See, 
Quamin, et al., Proc. Natl. Acad. Sci. USA, 89:2581-25X4 



ing a target moiety (e.g. an antibody specific for a target cell) 
and a nucleic acid binding moiety (e.g. a protamine), 
plasm ids, phage, etc. The vectors can be chromosomal, 
non-chromosomal or synthetic. 

Preferred vectors include viral vectors, fusion proteins 
and chemical conjugates. Retroviral vectors include molo- 
ney murine leukemia viruses and HIV-based viruses. One 



5,980 

11 

( J 992); Slralford-Perricadet, ct al., ./. Clin. Invest 
90:626-630 (J 992); and Koscnfcld. ct al.. Cell, 68:143-155 
(1992). 

The effective dose of I he nucleic acid will be a function 
of ihe particular expressed protein, the largel (issue, ihe - s 
patieni and his or her clinical condition. Effective amount o 
f DNA are between about 1 and 4000 ^/g, more preferably 
about LO00 and 2000, most preferably between about 2000 
and 4000. 

Alternatively, the EC progenitors may be used to inhibit 
angiogenesis and/or neoplastic growth by delivering to the 
site of angiogenesis a cytotoxic moiety coupled to the cell. 
The cytotoxic moiety may be a cytotoxic drug or an enzy- 
matically active toxin of bacterial, fungal or plant origin, or 
an enzymatically active polypeptide chain or fragment ("A 
chain") of such a toxin. Enzymatically active toxins and 
fragments thereof are preferred and are exemplified by 
diphtheria toxin A fragment, non-binding active fragments 
of diphtheria toxin, exotoxin A (from Pseudomonas 
aeruginosa), ricin A chain, abrin A chain, modeccin A chain, 
alphasarcin, certain AJcurites fordii proteins, certain Dian- 
thin proteins, Phytolacca americana proteins (PAP, PAPII 
and PAP-S), Momordiea charanlia inhibitor, curcin, crotin, 
Saponaria officinalis inhibitor, gelonin, milogcllin, 
resiriciocin, phenomycin, and enomycin, Ricin A chain, 
Pseudomonas aeruginosa exotoxin A and PAP arc preferred. 

Conjugates of the EC progenitors and such cytotoxic 
moieties may be made using a variety of coupling agents. 
Examples of such reagents are N-succinimidyl-3-(2- 
pyridyldithio) propionate (SPDP), iminothiolanc (IT), 
Afunctional derivatives of imidoesters such as dimethyl 
adeipimidale HCl, active esters such as disuccinimidyl 
subcratc, aldehydes such as glutaradehyde, bis-azido com- 
pounds such as bis(p-diazoniumbenzoyl)-ethylenediamine ) 
diisocyanates such as lolylene 2,6-diisocyanlc, and bis- 
active fluorine compounds such as '1 ,5-difluoro-2,4- 
clinitrobenzene. 

The enzymatically active polypeptide of the toxins may 
he reeombinantly produced. Rccombinantly produced ricin 
toxin A chain (rRTA) may be produced in accordance with 
the methods disclosed in PCT W085/03508 published Aug. 
15, 1985. Reeombinantly produced diphtheria toxin A chain 
and non-binding active fragments thereof are also described 
in PCT W085/03508 published Aug. 15, 1985. 

The methods of the present invention may be used to treat 
blood vessel injuries that result in denuding of the endot- 
helial lining of the vessel wall. For example, primary 
angioplasty is becoming widely used for the treatment of 
acute myocardial infarction. In addition, endovascular stents 50 
are becoming widely used as an adjunct to balloon angio- 
plasty. Stents are useful for rescuing a sub-optimal primary 
result as well as for diminishing restenosis. To date, 
however, ihe liability of the endovascular prosthesis has 
been its susceptibility to thrombotic occlusion in approxi- 55 
mately 3% of patients with arteries 3.3 mm or larger. If 
patients undergo stent deployment in arteries smaller than 
this the incidence of sub-acute thrombosis is even higher. 
Sub-acute thrombosis is currently prevented only by the 
at^grcssive use of anticoagulation. The combination of vas- CO 
cular intervention and intense anticoagulation creates sig- 
nificant risks with regard to peripheral vascular trauma at the 
time of the stent/angioplasty procedure. Acceleration of 
reendothclialization by adminsiralion of EC progenitors to a 
palicnt undergoing, or subsequent to, angioplasty and/or 65 
stent deployment can stabilize an unstable plaque and pre- 
vent re-occlusion. 
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The method of the present invention mav be used in 
conjunction with the method for the treatment of vasculai 
injury disclosed in PCT/US96/I 58 I 3. 

In addition, the methods of the present invention mav be 
used to accelerate the healing of graft I issue, e.i;., vascular 
grafts. 

The present invention also includes pharmaceutical prod- 
ucts for all the uses contemplated in the methods described 
herein. For example, there is a pharmaceutical product, 
comprising nucleic acid encoding an endothelial cell mito- 
gen and EC progenitors, in a physiologically acceptable 
administrate form. 

The present invention further includes a kit for the in vivo 
systemic introduction of an EC progenitor and an endoihc- 
5 lial cell mitogen or nucleic acid encoding the same into a 
patient. Such a kit includes a carrier solution, nucleic acid or 
mitogen, and a means of delivery, e.g., a catheter or syringe. 
The kit may also include instructions for the administration 
of the preparation. 

AJ1 documents mentioned herein are incorporated by 
reference herein in their entirety. 

The present invention is further illustrated by the follow- 
ing examples. These examples are provided to aid in ihe 
understanding of the invention and are not construed as a 
limitation thereof. 

EXAMPLES 

Method and Materials 

Human peripheral blood was obtained using a 20 gauge 
intravenous catheter, discarding the first 3 ml. Leukocyte 
30 fraction of blood was obtained by Ficoll density gradient 
centrifugation and plated on plastic tissue culture for I hr to 
avoid contamination by differentiated adhesive cells. 

Fluorescent activated cell sorting (FACS) was carried out 
with >lxl0 6 CD34 positive and negative mononuclear 
35 blood cells (MB 0014 *, MD cm ' u ). Cells were analyzed with 
Becton -Dickinson FACS sorter and the lysis II analysis 
program \ising antibodies to CD34 (Biodesign). 

M-199 medium with 20% FOS and bovine brain extract 
(Clone tics) was used as standard medium for all cell culture 
40 experiments, 

C57JBL76Jxl29/SV background male mice (Hirlan). 3 mo 
old and 20-30 g, were used in these experiments (n=2-1). 
Animals were anesthetized with J 60 mg/kg intraperitoneal!)' 
of pentobarbital. The proximal end of one femoral artery and 
45 distal portion of the corresponding saphenous artery were 
ligated, following which Ihe artery, as well as all side - 
branches, were dissected free and excised. (All protocols 
were approved by St. Elizabeth's Institutional Animal Care 
and Use Committee.) 

New Zealand White rabbits (3.8-4.2 kg, n-4, Pine Acre 
Rabbitry) were anesthetized with a mixture of ke in mine (50 
mg/kg) and acepromazine (0.8 mg/kg) following premedi- 
cation with xylazine (2 mg/kg). After a longitudinal incision, 
the femoral artery was dissected free along its entire length; 
all branches of the femoral artery were also dissected free. 
After ligating the popliteal and saphenous arteries distally. 
the external iliac artery proximally and all femoral arterial 
branches, the femoral artery was completely excised (23) 
Isolation and Analysis 

CD34 positive mononuclear blood cells (MI:V />ll< ) were 
isolated from peripheral blood by CD 34 antibody -coaled 
magnetic beads (Dynal) as described above. 

FACS analysis indicated that 15.9*3.3% of selected cells 
versus <0.1% of the remaining cells expressed CD34. 
Depleted (MB^ 3 ' 1 ") cells were used as controls. l'lk-l 
antibody was used for magnetic bead selection of l'lk-l 
positive mononuclear blood cells (MB 7 '* 1 *). 
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MB 34 * and MB CM "" were plated separately in stan- 
dard medium on tissue culture plastic, collagen type I, or 
fibronectin. When plated on tissue culture plastic or collagen 
at a density of lxl0 3 /mm 2 , a limited number of MB CZ>34 * 
attached, and became spindle shaped and proliferated for 4 



14 



wks. A subset of MB C 



plated on fibronectin promptly 



attached and became spindle shaped within 3 days (FIG 
1A); the number of attaching cells (AT* 7 *" 4 *) in culture 
increased with lime (FIG. 2). Attached cells were observed 
only sporadically among cultures of MB* 1 ' 03 * 1 ', including to 
cells followed for up to 4 wks on fibronectin -coated plates. 
To confirm that spindle-shaped cells were derived from 



Functional evidence of ccNOS protein in AT was 
documented by measurement of nitric oxide in response io 
the EC-dependent agonist, acetylcholine (Ach), and the 
EC-specific mitogen, vascular endothelial growth factor 
(VEGF) (16) (FIG. 5); the latter parenthetically constitutes 
evidence for a functional Flk-I receptor as well annum 

Cell-Cell Interaction 

(-ell -cell interaction is considered to play a decisive role 
in cell signaling, differentiation, and proliferation during 
hematopoiesis (19) and angiogenesis (20). To study Ha- 



CD34 positive cells, MB 



were labeled with the fluo- 



impact of MB^ 



interaction with mature ECs on the 



rcscenl dye, Dil, and co -plated with unlabeled MB c/>34 " on 
fibronectin at an overall density of 5xl0 3 /mm 2 ; ratio of the 35 
two cell types was identical to that of the original mono- 
nuclear cell population (1% MB c/>3 ' 1 *, 99% MB CD34 ~). 
Seven days later, Dil- labeled cells derived from MB C/)3,U , 
initially accounting for only 1% of blood cells, accounted for 
60.3*4.7% of total attaching cells analyzed by FACS. 
Co-incubation with MB 0753 * 1 " increased proliferation to 
>10xMB cz>34 * plated alone at a cell density of 5xl0/mm 2 
cell (d 3-J.31.3±26.8 vs 9.7±3.5/mm 2 ). MB CD3 "VMB CD34 - 



co-cul lures also enhanced MB*' 



differentiation, includ- 



ing formation of cellular networks and tube-like structures 25 
on tibronectin-coated plates (FIGS. IB,C). These structures 



consisted principally of Dil-Iabcled MB 



derived cells 



(FIG. 1C). Moreover, within 12 h of co-culture, multiple 
cluster formations were observed (FIG. ID), consisting 
principally of Dil-labeled MB C£,3i| * derived cells (FIG. IE). 
These clusters were comprised of round cells centrally, and 
sprouts of spindle-shaped celts at the periphery. The appear- 
ance and organization of these clusters resembled that of 
blood island-like cell clusters observed in dissociated quail 
epiblast culture, which induced ECs and gave rise to vas- 
cular structures in vitro (3). AT^'" 3314 * at the cluster periphery 
were shown to take up Dil -labeled acetyl a ted LDL, charac- 
teristic of EC lineage (13), whereas the round cells com- 
prising the center of cluster did not (FIGS. 1F,G); the latter 



differentiation of MB co ' ,u into iin EC-like phenotypc, Dil- 
labeled MB C/J3 "* were plated on a confluent HU VEC mono- 
layer. Adherent, labeled cells were found ih rough out the 
culture within 12 h (FIG. 6A), and increased in number lor 
up to 3 d (FIG. 6B). When incubated with 50 ng/ml VEGF 
and 10 ng/ml bFGF, a meshwork of cord- like smicaues 
comprised of both Dil-labeled and unlabeled cells could he 
20 seen within 3 d after co-culture (FIG. 6C). Both cell types 
were then rc-seeded on Matrigel (Bccton Dickinson) coaled 
slides and within 12 h demonstrated formation of capillary 
networks comprised of Dil -labeled MB' /J)1 ' U derived cells 
and HUVECs (FIG. 60). To facilitate cell-cell interaction, 

HUVECs were pre-treateel with TNF-a (2 1 >, resulting: in 

increased numbers of A1 </J>3 *'* (FIG. 6E); synergistic aug- 
mentation was observed upon co-incuhaiion with VUGF. 
Identically treated co-cultures of HUVECs and Dil-labeled 
MB c/>34 ~ yielded desquamated labeled cells and /or no 
30 cords. Similar findings were observed when EC precursors 
were isolated using MR mu . 
In Vivo Angiogenesis 

Previous sludies have established that ECs constitute the 
principal cell responsible for in vivo angiogenesis (1). To 
35 determine if MB c/)3 '* can contribute to angiogenesis in 
vivo, we employed two previously characterized animal 
models of hincllimb ischemia. For administration of human 
MB c ° 34 * f C57BU6.)xl29/SV background aihymic nude 
mice were employed to avoid potential graft — versus host 



detached from the cluster several days later. Similar findings 40 complications. Two days later, when the limb was severely 



were observed in the experiments using MB rM1+ . 
Expression of Leukocyte and EC Markers 

To further evaluate progression of MB cr>34+ to an EC-like 
phenotypc, cells were assayed for expression of leukocyte 
and EC markers. Freshly isolated MB CD34+ versus AT^ 34 * 
cultured at densities of IxlO 3 cell/mm 2 for 7 days were 
incubated with fluorescent-labeled antibodies and analyzed 
by FACS (FIG. 3). Leukocyte common antigen, CD45, was 
identified on 94.1% of freshly isolated cells, but was essen- 



45 



ischemic, mice were injected with 5x10* Dil-labeled human 
MB'- 733 ' 1 * or MB <:D3 ' , -*via the tail vein. Histologic sections 
of limbs examined 1, 2, 4, and 6 wks later for the presence 
of Dil labeled cells revealed numerous Dil-labeled cells in 
the neo-vascularized ischemic hincllimb. Labeled cells were 



more numerous in MB C 



versus MB 1 



injected mice, 



and almost all labeled cells appeared to be integrated into 
capillary vessel walls (FIG. 8A,C\E,G). 

No labeled cells were observed in the uninjured limbs of 



lially lost by 7 d in culture (FIG. 3). Augmented expression 50 either MB or MB 



injected mice. Dil labeled cells 



of UEA-1, CD34, CD31, Flk-1, Tie-2 and E-selectin— all 
denoting EC lineage (14) — was delected among AT^ 3 "* 
after 7 days in culture, compared to freshly isolated 
MB*" 03 * 1 *. CD68 expression, suggesting monocyte/ 
macrophage lineage, was limited to 6.0±2.4% cells. 

Expression of Factor VIII, UEA-1, CD31, ecNOS, and 
E-selcctin was also documented by immunohislochemistry 
for Al </?34 * after 7 days culture (data not shown). After 3, 
7, and 14 days in culture, more than 80% AT^ 03 "* took up 
Dil-labeled acLDL (13). 

ECs uniquely express endothelial constitutive nitric oxide 
synthase (ecNOS). Accordingly, MB CZ334 \ MB CD3A ~ and 
A jcw4* WCfC investigated for expression of ccNOS by 
RT-PCR (15). ecNOS mRNA was not detectable among 



60 



were also consistently co- labeled with immunostains for 
UEA-1 lectin (FIG. 8B), CD31 (FIG. 85D), and Tie-2 (FIG. 
8F). In contrast, in hindlimb sections from mice injected 
with MB^ 3 ' 1 ", labeled cells were typically found in stroma 
near capillaries, but did not form pan of ihc vessel wall, and 
did not label with UEA-l or anii-CD3l antibodies (FIG 
80, H). 

A transgenic mouse overexpressing (i-galactosidasc was 
then used to test the hypothesis that homologous grafts of 
EC progenitors could contribute to neovascularization in 
vivo. Flk-1 cell isolation was used for selection of EC 
progenitors due to lack of a suitable ami- mouse CD 34 
antibody. Approximately IxlCV 1 MB ntu were isolated from 
whole blood of 10 fi-galactosidase transgenic mice with Ho, 



MIkD 3 "" and was present at very low levels in freshly 65 129 genetic background. MB ' * or the same number of 
isolated MB C03 * ,+ (FIG. 4). In AT 0034 * cultured for 7 d, MB™" 1 " were injected into B6, 129 mice with hindlimb 
however. ecNOS mRNA was markedly increased (FIG. 5). ischemin of 2 clays duration. Immunoslnining of ischemic 
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tissue for P-galactosidase, harvested 4 wks after injection, 
demonstrated incorporation of cells expressing 
|3-galactosidase in capillaries and small arteries (FIG. 81); 
these cells were identified as ECs by staining with ami- 
CD3I antibody and BS-1 lectin. 

Finally, in vivo incorporation of autologous MB C ° 3 " + into 
loci of neovascularization was tested in a rabbit model of 
unilateral hindlimb ischemia. MB CDS4 * were isolated from 
20 ml of blood obtained by direct venipuncture of normal 
New Zealand white rabbits immediately prior to surgical 
induction of unilateral hindlimb ischemia. Immediately fol- 
lowing completion of the operative procedure, freshly iso- 
lated autologous Dil-labcled MB CD3 were re-injected into 
the ear vein of the same rabbit from which the blood had 
been initially obtained. Four wks after ischemia, histologic 
sections of the ischemic limbs were examined. Dil -labeled 
cells were localized exclusively to neovascular zones of the 
ischemic limb, incorporated into capillaries and consistently 
expressing CD31 and UEA-1 (FIG. 8.J,K). 

Consistent with the notion that HSCs and ECs are derived 
from a common precursor, our findings suggest that under 
appropriate conditions, a subpopulation of MB C03l,+ or 
MB™" 1 * can differentiate into ECs in vitro. Moreover, the 
in vivo results suggest that circulating MB CD3 ' U or MB™' 1 * 
in the peripheral blood may constitute a contingency source 
of ECs for angiogenesis. Incorporation of in situ differenti- 
al ing EC progenitors into the neovasculalure of these adult 
species is consistent with vasculogenesis, a paradigm oth- 
erwise restricted to embryogenesis (2,3). The fact that these 
cells do not incorporate into mature blood vessels not 
undergoing angiogenesis suggests that injury, ischemia, and/ 
or active angiogenesis are required to induce in situ differ- 
entiation of MB C ° 34 * to ECs. 
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EXAMPLE II 
EC Progenitors Augment Reendothelialization 

Following balloon injury, a denuded rat carotid artery was 
immediately excised and placed in culture in HUVEC 
medium, and Dil labeled CD34+ EC progenitor cells were 
seeded onto the artery. After 1 wk, the artery was washed 
with PBS to remove non-adherent cells. Consistent with the 
ability of CD34+ cells to differentiate into filtrating cells, Dil 
labeled cells were found within the smooth muscle cell layer 
of the artery. 

Scanning electron microscopy of the intimal surface, 45 
however, showed that DiMabeled cells also had adhered to 
the denuded arterial surface, assuming a morphology sug- 
gestive of ECs (FIG. 9). Dil labeled cells also incorporated 
into the capillary-like sprouts at the bare ends of the excised 
arterial segment, suggesting that CD34+ cells may be 50 
capable of participating in angiogenesis as well. 

lb determine if exogenously administered CD34+ EC 
progenitor cells can contribute to reendothelializationr of a 
denuded arterial surface in vivo, freshly isolated human 
CD34+ or CD34- cells were Dil labeled and seeded onto a 55 
denuded carotid artery of a nude rat. Following balloon 
denudation, LOxlO 6 labeled cells in PBS was introduced 
into the denuded artery via a 22 G catheter, which remained 
in the artery for 30 min before the needle was withdrawn. 
The external carotid artery was then ligated, the common 60 
and internal carotid arterial ligatures removed, and the 
incision closed. The next day the rat was anesthetized and 
the vasculature perfusion fixed with Hislo Choice 
(Amresco). The denuded arterial segment was excised and 
examined for the presence of adherent Dil labeled cells, 
which were identified in arteries seeded with CD34+ cells, 
but not CD34- cells. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION : 

(iii) NUMBER OF SEQUENCES: 2 



('A) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

AAGACATTTT CGGGCTCACG CTGCGCACCC 



(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
TGGGGTAGGC ACTTTAGTAG TTCTCCTAAC 30 
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ss What is claimed is: 

1. A method for inducing the formation of new blood 
vessels in an ischemic tissue in a patient in need thereof, 
comprising: 

administering lo said patient host an effective amount of 
40 an isolated endothelial progenitor cell to induce new 
blood vessel formation in said ischemic tissue, wherein 
said endothelial progenitor cell are CO 34*. flk-T m 
lie-2*. 

2. The method of claim t, further comprising the step of 
45 administering to the patient an endothelial cell mitogen or ;i 

nucleic acid encoding an endothelial cell mitogen. 

3. The method of claim 2, wherein ihe endothelial cell 
mitogen is selected from the group consisting of acidic and 
basic fibroblast growth factors, vascular endothelial growth 

50 factor, epidermal growth factor, transforming growth factor 
a and (3, platelet-derived endothelial growth factor, platelet - 
derived growth factor, tumor necrosis factor <i, hepatocyte 
growth factor, insulin like growth factor, erythropoietin, 
colony stimulating factor, macrophage- CSF, granulocyte.-' 

55 macrophage CSF and nilric oxiclesynthasc. 

4. The method of claim 3, wherein the endothelial cell 
mitogen is vascular endothelial growth factor. 

5. The method of claim 1, wherein said patient is in need 
of treatment for cerebrovascular ischemia, renal ischemia, 

60 pulmonary ischemia, limb ischemia, ischemic cardiomyopa- 
thy and myocardial ischemia. 

6. A method of enhancing blood vessel formation in :\ 
patient in need thereof, comprising: 

a. selecting the patient in need thereof; 
65 b. isolating endothelial progenitor cells from the patient, 
wherein said endothelial progenitor cell are 0)3-1% 
llk-r or tie-2*; and 
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c. readminisiering the endothelial progenitor cells lo the 
patient. 

7. A method for treating an injured blood vessel in a 
patient in need thereof, comprising: 

a. selecting the patient in need thereof; and 

b. isolating endothelial progenitor cells from the patient, 
wherein said endothelial progenitor cell are CD34* ( 
flk-1* or lie-2*; and 

c. readministering the endothelial progenitor cells to the 
patient. 

8. The method of claim 7, wherein the injury is the result 
of balloon angioplasty. 

9. The method of claim 7, wherein the injury is the result 
of deployment of an endovascular stent. 
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10. The method of claim 7. further comprising the step of 
administering to the patient an endothelial cell mitogen or a 
nucleic acid encoding an endothelial cell mitogen. 

11. The method of claim 10, wherein the endothelial cell 
5 mitogen is selected from the group consisting of acidic and 

basic fibroblast growth factors, vascular endothelial growth 
factor, epidermal growth factor, transforming growth factor 
a and p, platelet-derived endothelial growth factor, platelet- 
jo derived growth factor, tumor necrosis factor ti. hepatocyte 
growth factor, insulin like growth factor, erythropoietin, 
colony stimulating factor, maerophage-CSK granulocyte* 
macrophage CSV and nitric oxiclesynthnse. 
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Isolation of Putative Progenitor Endothelial 
Cells for Angiogenesis 

Takayuki Asahara, Toyoaki Murohara, AJison Sullivan, 
Marcy Silver, Rien van der Zee ( Tong Li, 
Bemhard Witzenblchler, Gina Schatteman, Jeffrey M. Isner* 

Putative endothelial cell (EC) progenitors or angioblasts were Isolated from human 
peripheral blood by magnetic bead selection on the basis ol cell surface antigen ex- 
pression. In vitro, these cells differentiated into ECs. In animal models of Ischemia, 
heterologous, homologous, and autologous EC progenitors Incorporated into sites of 
active angiogenesis. These findings suggest that EC progenitors may be useful for 
augmenting collateral vessel growth to ischemic tissues (therapeutic angiogenesis) and 
for delivering anti- or pro-angiogenic agents, respectively, to sites of pathologic or 
utilitarian angiogenesis. 



Poscnatal neovascularization is thought to 
re.%o 1 1 exclusively from the proli/craiirm, mi- 
gration, and remodeling of fully differenti- 
ated ECs derived from preexisting blood 
vessels ( I ). This adulr paradigm, referred to 
as angiogenesis, con crises with vasculouen- 
csis, the term applied to the formation of 
embryonic blood vessels from EC progeni- 
tors, or anRtoblusts (2). 

Vasculogenesi* begins as a cluster forma- 
tion, or blood island, comprising angioblasts 
at the periphery and hematopoietic stem 
cells (HSCs) at the center (.*). In addition 
to this spatial association, angioblasts and 
HSCs share certain antigenic determinants, 
including File- 1, Tic- 2, and CD.M. Con- 
ceivably, then, these progenitor cells may 
derive from a common precursor (J, 4). 

The demonstration that HSCs from pe- 
ripheral blood can provide sustained hema- 
topoietic recovery is inferential evidence 
for circulating stem cells (5). Here, we have 
investigated the hypothesis chat peripheral 
blood contains cells rhat can differentiate 
into ECs (6). Wl exploited rwn antigens 
that arc shared by angioblast* and HSCs to 
isolate putative angioblasts from the leuko- 
cyte fraction of peripheral blood. CD34 is 
cxprewed by all HSCs hut is lost by hema- 
topoietic cells as they differentiate (7). It is 
also expressed by many including most ac- 
tivated ECs in the adult (8). Flk-1, a recep- 
tor for vascular endothelial growth factor 
(VEGF) (9). is also expressed by both early 
HSCs and ECs but ceases ro be expressed 
during hematopoietic differentiation (10, 
II). 

CDJ4-posttivc mononuclear blood cells 
(MB CC,J **) were isolated from human pe- 
ripheral Wood by menus of magnetic beads 

Oepartrnents ol Medicine (Cardiology) and Biomedical 
Research. St Elizabeth's Medical Center. Tufts Universi- 
ty Scnooi of Modicrte, F38 Cambridge Street, Boston, 
MA 0?135, USA. 

• To whom eorraxponriimca should be addressed. 



coated with antibody to CD34 (Dynal, Lake 
Success) (/2). Fluorcsccnec-aciiviucd (jell 
sorting (FACS) analysis ( /3) indicated that 
15.7 t. 3.5% of selected cells compared 
with <0.l% of the remaining cells ex- 
pressed CD34. CW-deplcted celU 
(MB UH4 ) were used as controls. An anti- 
body to Flic - 1 was used for magnetic bead 
selection of Flk- I -positive mononuclear 



blood celU (MB™'*); amon R MB rn "* 
cell*. 20.0 r X3% wire HV I positive. 

The MB*-" 0 ' 11 * and MB CDH cells were 
plated separately { M) on tissue culture pUunc, 
collagen rypc I, or fibronectin. When plated 
on (iisue culture plastic or collagen at w den- 
siry nf I X 10 s cells/mm 1 , a limited number rtf 
MB <JDV ** attached, became spindle khapctl, 
and proliferated for 4 weeks. A subset of 
MB* plated on fibronectin promptly at- 
tached and became spindle shaped within 3 
days (Fig. 1 A); the number of attaching celU 
(AT° >14 *) in culture increased with rime 
(probability P < 0.0.5. by analyst* of variance) 
(Pig. IB). Attached celU were observed only 
sporadically among MB 0014 " oiliurcs, in- 
cluding cells followed for up to 4 wcclc* on 
fibronectin -coated plates. 

To confirm that the spindle-shaped cells 
were derived from CD34-posltive cells, we 
labeled MB CDW * cells with the fluorescent 
dye Oil and coplatcd them with unlabeled 
MB 0 - 014- cells on fibronectin nt on overall 
density of S X 10* cells/mm 1 ; the rarlo of 
the two cell types was identical to that of 
the oriqin;il mononuclear cell population 
(1% MB a,1<+ , 99% MB ctl3< ). After 7 
days, Dil-lubeled cells derived from the 
MB'™ 4 "*" culture, which initially account- 



FJg. 1. Attachment, 
duster formation, and 
capillary network devel- 
opment by progenitor 
ECs in vitro. (A) Spindle- 
shaped attaching cells 
(AT om4,) 7 day3 aflef 

plating MB 1 **"' (50 eels/ 
mm 2 ) on fibronectin in 
standard medium (/<*). (B) 
Number of AT™* * colts 
12 hours and 3 days after 
cullum of MB r/xu ' on 
plastic atono (C034+/ 
non). collagen coathg 
(CD34-*/CoO. or fibronec- 
tin (CD34+/Fn), and 
MB UXM ~ on fibronectin 
(C034 -/Fn). Network for- 
mation (C) arid conJ Ske 
structures (D) were ob- 
served 48 hours after plat - 
ingcocultum ol MB 0034 *, 
labeled with Oil, with unla- 
beled MB 0034 " cells (ratio 
of 1 : 1 00) on fit* onectin. 
At 12 hours after cocU- 
ture, Mff'^-dertved 
cells had formed rnutt'vlc 
dusters (E and F). After 5 
days, uptake of acLDL-DD 
was detected In AT 0004 ' 
cells at the periphery but 
not the center of the dus- 
ter (G and H). 





20 40 60 80 100 
Numb*f of attaching c*0t (pm mrm 1 ) 




A>t*..— Jh:.* 



W 



'.^ .... k^;.; 

V-^-vrift^il 





0 

O 
O 



E 

£ 
a. 

4> 
CO 
c 
o 

S 5 
o 
& 

(0 

E 

<D 
U 
c 
4) 
O 



e 
s 

41 

"8 

O 

c 

§ 

a 



064 



SCIENCE • VOL. 275 • H FEBRUARY 1997 • htcp://www,i;c.ienr.emae.ore 



13 



REFERENCE ABB 



.'wvei:6 80 -22 -das 



^0890-026-2LG 



fsa^eioossv pue 9;tum Piejeo :A8 ;uas 



Best Available Copy 



Report? 



cd for only 1% of the blood cells, accounted 
fur 60.3 ± 4.7% of total attaching cells as 
analyzed by FACS. Coincubation with 
MB 1 " 054 " cells increased the proliferation 
rate to more than 10 times that of MB^ 34 * 
plated alone. Cocul lures of MB CI>M * and 
MB^ 34 ' cells also showed enhanced 
MB 0034 ' different tation, including the fot- 
mation of cellular networks and tube-like 
structures on hbronectin-coated plates (Fig. 
I, C and D). These structures consisted 
principally of Dil-labcled MB c:o,4 + -derived 
cells (Fig. ID). Furthermore, within 12 
hours of coculture, multiple clusters had 
formed (Fig. 1 E) that contained mostly 
MB CDJ4+ . derived cells (Fig. IF). These 
clusters comprised round cells centrally and 
sprouts of spindle-shaped cells at the pe- 
riphery. The appearance and organization 
of these clusters resembled that of blood 
island-like cell clusters observed in dissoci- 
ated quail epiblast culture, which gave rise 
to ECs and vascular structures in vitro (3). 
AT** 111 * cells at the cluster periphery took 
up Dil-labeled ace cy I a ted low densicy li- 
poprotein (acLDL), whereas the round cells 
did not (Fig. l ( G and H); the latter de- 
tached from the cluster several days later. 
The MB nkl+ cells behaved similarly. 

To evaUiare whether MB 07 *' 1 * cells pro- 
gressed to an EC- 1 ike phenotypc, we assayed 
them fot the expression of leukocyte and EC 
markers. Freshly isolated MB 00 * 4 ' cells, 
AT*** 3 ** t:c i| s cu l CU red on fibronectin for 7 
days, and human umbilical vein endothelial 
cells (HUVECs) weie incubated with fluo- 
rescent-labeled antibodies and analyzed by 
FACS (Fig. 2). Leukocyte common antigen 
CD45 was identified on 94.1% of freshly 



isolated cells but disappeared after 7 days of 
culture (Fig. 2). In freshly isolated MB cnM + 
cells, 15.7 ± 3.3% were CD34", 27.6 ± 
4.3% were F1k-1"\ and 10.8 ± 0.9% were 
CD34*,Rk-l\ Expression of CD34, CD31, 
Flk-l, Tie- 2, and E selectin — all markers of 
oSe EC lineage (M, 15) — was greater in 
A jODM* -jfxej 1 Hays a f culture than in 
freshly isolated MB cl>M * cells. 

Additional analyses (16) of AT"™ 4 * 
cells after 7 days of cut cure showed limited 
(6.0 :£ 2.4% cells) expression of CD68. a 
marker of the monocyte-macrophage lin- 
eage; positive immunostaining for factor 
VIII, ulex europaeus agglutinin-1 (UEA- 1 ), 
CD31, endothelial constitutive nitric oxide 
synthase (ecNOS), and E selectin; and 
more than 80% uptake of Dil-labeled 
acLDL 

To confirm an EC- like phenotyne of 
AT CDH ' > ' cells, we documented expression 
of ecNOS, Flk-l/KDR (Rk-1 is also known as 
VEGFR-2 in mouse, and KDR is the human 
homolog of VECFR-2), and CD3 1 mKNA at 
7, 14, and 21 days by reverse transcription- 
polymerase chain reaction (RT-PCR) (Fig. 
3A). Evidence for ecNOS and Flk-l/KDR in 
^ycto** cc \\ s demonstrated in a 

functional assay. Nitric oxide was produced in 
the cells in response to the EC-dependent 
agonist acetylcholine (Ach) and the EC-spc- 
cific mitogen VEOF (Fig. 3R); the latter re- 
sponse also confirms that the cells express a 
functional Flk-l receptor (17). 

To determine if MB (Xkl4+ cells contrib- 
ute to angiogenesis in vivo, we used mouse 
and rabbit models of hindlimb ischemia. For 
administration of human MB*™ 4 ' 1 cells, 
C57DL/6J x 129/SV background athymic 
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Pig. 2. FACS analysts Of freshly isolated MB 0034 * and AT 00 * 4 * ceils after 7 days in culture, and 
HUVECs. Cells were labeled with fluorescent antibodies to CD45 (DAKO. Carpinteria); C034, CD31 
(Biodesign); Rk-1 , Tie-2 (Santa Cruz); and E selectin (OAKO). Similar results were obtained in three or 
more experiments. The shaded area of each box denotes negative antigen gate, and the while area 
denotes positive gate. Numbers are the mean ± SEM percentage of cells for all experiments determined 
by comparison with corresponding negative control labeling. 



nude mice were used to avoid potential graft - 
vcrsus-host complications. Two days after 
creating unilateral hindlimb ischemia by ex- 
cising one femoral artery, we injected mice 
with 5X 10 s Dil-labeled human MB 00 ** 
or MB 0 *- 0 * cells into the tail vein. Histo- 
logic examination 1 to 6 weeks later revealed 
numerous (Fig. 4 A) including proliferative 
(Fig. 4. C: and D) Dil-labcled cells in the 
neovasculanzed ischemic hindlimb. Nearly 
all labeled cells appeared integrated into cap- 
illary vessel walls, tn M B° 1,4 injected 
mice, 13.4 2: 5.7% of all CD3l-positive 
capillaries contained Oil- labeled celts, com- 
pared with 1.6 * 0.8% in MB^-injected 
mice ( /8). By 6 weeks, Dil-labeled cells were 
clearly arranged into capillaries among pre 
served muscle structures (Fig. 4, I and J). 

No labeled cells were observed in the 
uninjured limbs of cither MB™*- or 
MB co, *--lnjected mice. Dil-labcled cells 
consistently colocalized with cells immuno- 
stained for CD3I (Fig. 4, B, F. and |), Tie-2 
(Fig. 4Ch and UEA-I lectin (16). tn con- 
trast, in hindlimb sections from mice inject- 
ed with MB COM ", Dil-labeled cells were 
typically found in stroma near capillaries, 
but they did not form part of the vessel wall 
nor did they colocalize with cells that 
stained with antibodies to either UEA- 1 or 
CD3I (Fiy. 4, K and L). 

In a second set of mouse experiments, 
I X 10* MB rtwl ' cells were isolated from 
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FIfl. 3. FYorjenitor ECs express ecNOS, Rk-1/ 
KDR. and CD31 rnRMA and release NO. (A) Com- 
plementary DNA (from 10* eels) was ampWted by 
PCR (40 cycles) with paired primers (B) NO 
release from AT 00 * 4 * and AT* 3 * - cells cultured in 
six-well plates was measured as described (24). 
NO production was measured n a weH with incre- 
mental doses of VEGF and Ach. HUVECs and bo- 
vine aortic ECs were used as posrUva controls, and 
human coronary smooth muscle eels (HCSMCs) 
as negative control. The values are means t SEM 
of 10 measurements for each group. 
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whole blood of 10 transgenic mice consti- 
rucively overexposing p-galaccosidasc (f5- 
Gal) (all mice were Flic-l"'*). MB F,V1 * or 
MB** 1 " cells were injected into nonrrans- 
genic mice of the same genetic background 
that had hindlimb ischemia of 2 days dura- 
tion. Immunostaining of ischemic tissue, 
harvested 4 weeks after injection, for fJ-Gnl 
demonstrated incorporation of cells ex- 
pressing fl-Oal in capillaries and small ar- 



teries (Fig. 4M); these cells were identified 
as ECs hy graining with antibody to CD3 1 
(anti-CDJl) and BS-1 lectin. 

In vivo incorporation of autologous 
MB CDM+ cells into foci of neovasculariza- 
tion was also tested in a rabbit model of 
unilateral hindlimb ischemia. MB t:i>54 > 
cells were LwUred from 20 ml of hUxxl 
obtained by direct venipuncture of normal 
New Zealand White rabbirs immediately 



before surgical induction of unilateral hind- 
limb ischemia (19). Immediately after sur- 
gery, freshly isolated autologous Oil-labeled 
MB 0 ™ 4 * were reinjected into the ear vein 
of the same rabbit. Histologic examination 
of the ischemic limbs 4 weelcs lateT revealed 
that Dil-laheled celts were localized exclu- 
sively to ncovascular zones of the ischemic 
limb (Fig. 4, N and O) and were incorpo- 
rated into 9.7 ± 4.5% of the capillaries that 
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Fig. 4. heterologous (panels A to L), homologous (M). or autologous (panels 
N and O) EC progenitors incorporate into sites of angiogenesis in vivo. (A and 
B) Oil-labeled MB 0034 f (red, arrows) between skeletal myocytes (M), includ- 
ing necrotic (N) myocytes 1 week after injection; most are cdabeled with 
CD31 (green, arrows). Note a preexisting artery (A), Identified as CD31- 
positrve. but Oil-negative. (C and O) Evidence of proliferative activity among 
several Dil-labeted MB 0034 * -derived cells (red. arrows), indicated by coim- 
rnunostaining for antibody to Ki67 (Vector Lab. Burling ame, CaWornia) 
(green). ProSferatrve activity is also seen among Oil-negative, K*67-positive 
capillary ECs (arrowheads); both oeH types contribute to neovasculature. (E) 
Oil (red) and C031 (green) in capillary ECs (arrows in E and F) between 
skeletal myocytes, photographed through a double filter 1 week after un- 
labeled MB 00 *** injection. (F) A single green filter shows C031 (green) 
expression in OiMabeted capilary ECs integrated into the capltery with native 
(CHI-negative, CD31 -positive) ECs (arrowheads In EarxJ F) (G) Immunostain- 
ing 1 week after MB**** 4 f Injection showing capillaries comprising DMabeted 
MB* 30 ** *-denved cds expressing Tie-2 receptor (green). Several MB 00 ** * - 
derived ceNs (arrows) Tie-2 positive and integrated with some Tfe-2-posHrve 
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host capilary cells (arrowheads) <i«nirfieo oy ma ar^fK*; o: roc vkkx-x* 
cenco. (H) Phase-oanlrast photomicrograph of the same section shown in 
(G) indicates tho corresponding Di)- labeled (arrows) and -unlabeled (arrow- 
heads) capillary ECs. (I and J) Six weeks after administration. MB 003- * ■ 
derived eels (red, arrows) colabel to* CD31 in capillaries between preserved 
skeletal myocytes (M). (K and L) One week after Injection of MB 0 *- 04 ', 
Isolated MB 00 ^ --derived cells (red, arrows) are observed between myocytes 
but do not express CD31. (M) Immunostaining of p-Gal in a tissue section 
harvested from ischemic muscle of C57BI76J.129/SV rmoe 4 weeks after the 
admnistratbn of MB F * , " 1> Isolated from transgenic mice constitutive^ ex* 
pressing fi-Gai. (Rk-1 col isolation was used for selection of EC progenitors 
because of the lack of a suitable antibody to mouse CD34.) Cels o^erax press- 
ing p-Gal (arrows) were incorporated into capaanea and smal arteries; these 
oe8s were identified as ECs by anti-C031 and BS-1 lectin (76). (N and O) 
Section of muscle harvested from rabbit ischemic hindbnb 4 weeks after 
administration of autologous MB 0034 + cells. Red fluorescence in (N) indicates 
locateBtlon of MB<^*-dertved cefls In capillaries seen (arrows) in the phase- 
contrast phc4c*roograph in (O). Each scale bar is 50 um. 



966 



SCIENCE • VOL. 275 * 14 FEBRUARY 1997 • http://www.scicncemag.0n5 



We a6ed 



!wVQi:6 Q0 -ZZ -das 



£0890-026*2lC 



Rl-.l'OKT? 



consistently expressed COM and reacted 
with OS- 1 lectin. 

In summary, our findings suggest that 
cells isolated with ami-CD 34 or anti-Flic- 1 
can different i ale inro ECs in vitro. The in 
vivo results suggest chat circulating 
MB <nM+ or MB™* 4 ' cell* may contribute 
to neoangingenests in adult species, consis- 
tent with vasculogenesis, a paradigm orher- 
wise restricted to cmbryogenesis (2, 3). A 
potentially limiting factor in strategic* de- 
signed tu promote neovascularization of 
ischemic tissues (20) is the resident popu- 
lation of ECs that is competent ui respond 
to administered angiogenic cytokines (21). 
This issue may he successfully addressed 
with autologous EC crunsplanrs. The fact 
that progenitor ECs home to foci of angio- 
genesis suggests porenrial utility as autolo- 
gous vectors for gene therapy. For anti- 
ncopla5ric therapies, MB 0034 * cells could 
be transrecicd with or coupled to an tt tumor 
drugs or angiogencsis inhibitors. For treat- 
ment of regional ischemia, angiogenesis 
could he amplified by transfection of 
MR GDM4 ' cc j| s to ac hieve constitutive ex- 
pression of angiogenic cytokines or provi- 
sional matrix proteins or both (22). 
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Somatic Frameshift Mutations in the 
BAX Gene in Colon Cancers of the 
Microsatellite Mutator Phenotype 

Nicholas Rampino, Hiroyuki Yamamoto, Yurij lonov, Yan Li, 
Hisako Sawai, John C. Reed, Manuel Pervcho* 

Cancers of the microsatellite mutator phenotype (MMP) show exaggerated genomic 
instability at simple repeat sequences. More than 50 percent {21 out of 41) of human 
MMP* colon adenocarcinomas examined were found to have frameshift mutations in a 
tract ot eight deoxyguanostnes [(G) J within SAX, a gene that promotes apoptosis These 
mutations were absent In MMP~ tumors and were significantly less frequent in (G) B 
repeats from other genes. Frameshift mutations were present in both BAX alleles in some 
MMP* colon tumor cell lines and in primary tumors. These results suggest that inac- 
tivating fitAX mutations are selected for during the progression of colorectal MMP + 
tumors and that the wild-type SAX gene plays a suppressor role in a p63-independent 
pathway for colorectal carcinogenesis. 



The MMP pathway for colon cancer is 
characterised hy genomic mstnbiliry that 
leads to the accumulation of* deletion and 
insertion mutations at simple repeat se- 
quences 0-3). The fixation of these slip* 
page-induced replication errors as muta- 
tions (4) is associaccd with defects in DNA 
mismatch repair (5). Colorectal MMP* tu- 
mors frequently contain frameshift muta- 
tions the type 11 transforming growth 
factur-fi (TCF-fi) receptor gene (fi) but are 
usually wild type for the pC*3 tumor suppres- 
sor gene (I, 7). In addition ro irs central 
role in cell growth arrest (tf), pY3 also piny?* 
a role in apoptosis in response to DNA 
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damage (9). The pS3 protein tmnsactivates 
BAX 00), n member of the 0CL2 gene 
family (II) oSat promotes apoptosis (12). 

The human BAX ecne contains a tract 
of ctfilu consecutive, dcoxyguanosmc* »n the 
third coding exon, spanning codons 36 to 
41 (ATG CCQ GQQ GAG) (12). To de- 
fjermine whether this sequence is a muta- 
rional target in MMP + tumor cells, we am- 
plified by the polymerase chain reacrimi 
(PCR) the region containing oSe (C) H tract 
from various MMP* tumor cell lines. This 
analysis revealed band shifts suggestive of 
insertions and deletions of one nucleotide 
in some of these tumor cells (Fig. I A). 
Prostate (DUI4S) and co1<m» (LS180) tumor 
cells exhibited INCR patterns indtsnngutsh- 
able from those amplified from plasmids 
containing a BAX fragment with mutant 
(CJ) M and (O), cracw (Fig. IA, P9 and P7). 
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ABSTRACT 



A method for the direct treatment towards the specific 
sites of a disease is disclosed. This method is based on 
the delivery of proteins by catheterization to discrete 
blood vessel segments using genetically modified or 
normal cells or other vector systems. Endothelial cells 
expressing recombinant therapeutic agent or diagnostic 
proteins are situated on the walls of the blood vessel or 
in the tissue perfused by the vessel in a patient. This 
technique, provides for the transfer of cells or vectors 
and expression of recombinant genes in vivo and allows 
the introduction of proteins of therapeutic or diagnostic 
value for the treatment of diseases. 

10 Chums, 4 Drawing Sheets 
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Two major problems in the clinical management of 

TREATMENT OF DISEASES BY SITE-SPECIFIC ' coronary artery disease include thrombus formation in 

^J^^l™* ° F ° KLLS ° R SrrE -SPECIFIC acute myocardial ischemia and restenosis following 

TRANSFORMATION OFQELLS AND KITS coronary angioplasty (PTCA). Both involve common 

™ EREroR 3 cellular events, including endothelial injury and release 

This is a contiBuation.in.part of U.S. patent applica- ^ ^ f ^ Md r 

tion Scr. No. 07/724,509, filed on Jun. 28, 1991, now g 11 ** ^*° plaS ! y P r ^ u f«/^tunng of 

pending, which is . continuation-in-part of U.S. patent he *^^ lerc * c P ^ UC and ™oval of the endothe- 

application Ser. No. 07/331,336, filed on Mar. 31, 1989, 10 W 71x15 trauma promotes platelet aggrega- 

now abandoned. hon and thrombus formation at the PTCA site. Further 

release of mitogens from platelets and macrophages, 

BACKGROUND OF THE INVENTION smooth muscle cell proliferation and monocyte infiltra- 

1. Field of the Invention tion in restenosis. 

The present invention relates to the treatment of 15 Empiric therapy with antiplatelet drugs has not pre- 

diseases by the site-specific instillation or transform a- vented this problem, which occurs in one-third of pa- 

tion of cells and kits therefor. The present invention also tients undergoing PTCA. A solution to restenosis is to 

relates to a method for modulating the immune system prevent platelet aggregation, thrombus formation, and 

of an animal by the in vivo introduction of recombinant smooth muscle cell proliferation. 

genes. 20 Thrombus formation is also a critical cellular event in 

2. Discussion of the Background the transition from stable to unstable coronary syn- 
The effective treatment of many acquired and inner- dromes. The pathogenesis most likely involves acute 

ited diseases remains a major challenge to modern medi- endothelial cell injury and/or plaque rupture, promot- 
cine. The ability to deliver therapeutic agents to specific ing dysjunction of endothelial cell attachment, and lead- 
sites in vivo would an asset in the treatment of, e.g., 25 mg to the exposure of underlying macrophage foam 
localized diseases. In addition the ability to cause a ^ ^ opportunity for circulating plate- 
therapeutic agent to perfuse through the circulatory )et5 t0 ^ aggrcgatCf and form thrombi. 
^JTh effective for the treatment of, eg., Xhc mtravcnous ada*^^ of thrombolytic 
inherited diseases and acqinred diseases or cancers. ^ ^ ^ plasminogen activator (tPA) 7e- 

For example, it would be desirable to administer m a 30 . . t . r A , j . * A . _ * ' 

steady fashion an antitumor agent or toxin in close prox- m lysa of m *PP™^?Y 70% of pa- 

imity to a tumor. Similarly, it would be desirable to ^ «P«n^mg an acute myocardial infarction, 

cause a perfusion of. e.g., insulin in the blood of a person Nonetheless, approximately 30% of patients fail to 

suffering from diabetes. However, for many therapeutic reperfuse, and of those patients who undergo initial 

agents there is no satisfactory method of either site- 35 'cpcrfusion of the infarct related artery, approximately 

specific or systemic administration. experience recurrent thrombosis within 24 hours. 

In addition, for many diseases, it would be desirable Therefore, an effective therapy for rethrombosis re- 
to cause, either locally or systemically, the expression of mains a major therapeutic challenge facing the medical 

a defective endogenous gene, the expression of a exoge- community today. 

nous gene, or the suppression of an endogenous gene. 40 As noted above, an effective therapy for rethrombo- 

Again, these remain unrealized goals. sis is by far not the only major therapeutic challenge 

In particular, the pathogenesis of atherosclerosis is existing today. Others include the treatment of other 

characterized by three fundamental biological pro- ischemic conditions, including unstable angina, myocar- 

cesses. These are: 1) proliferation of intimal smooth dial infarction or chronic tissue ischemia, or even the 

muscle cells together with accumulated macrophages; 45 treatment of acquired and inherited diseases or cancers. 
2) formation by the proliferated smooth muscle cells of These might be treated by the effective administration 

large amounts of connective tissue matrix; and 3) accu- of anticoagulants, vasodilatory, angiogenic, growth 

muUtion of lipid, principally in the form of cholesterol factors or inhibitors t0 a paticnt . Thus, there 

esters and free cholesterol, within cells as well as in rcmains a strongly fclt nccd for ^ effective therapy in 
surrounding connective tissue. j .» all of these clinical settings. 

r °M K ^ initiating event and is In addition, it is desirable to be able to modulate the 

manifested by interference with the permeability barrier „^„ nf m • t . ^ , mfr ^ 

r . , V . . . . r . * immune system of an animal. In particular, much effort 

of the endothelium, alterations in the nonthrombogemc * , %• , . . . . , * f 

properties of the endothelial surface, and promotion of toward tte development of vaccines 

procoagulant properties of the endothelium. Monocytes 55 ? Provide immunolog,cal protecdon from infection, 

migrate between endothelial cells, become active as " 0WC ^ *f development of vaccmes which can 

scavenger cells, and differentiate into macrophages. readily administered to large numbers of patients is 

Macrophages then synthesize and secrete growth problematic, and for many diseases, such as, eg., AIDS, 

factors including platelet derived growth factor no safe and effective vaccme is as yet available. Further, 

(PDGF), fibroblast growth factor (FGF), epidermal 60 5t 18 ^ sometimes desirable to specifically suppress an 

growth factor (EGF), and transforming growth factor animals immune response to prevent rejection of a 

alpha (TGF-a). These growth factors are extremely transplant. Efforts to suppress transplant rejection have 
potent in stimulating the migration and proliferation of resulted in the development of drugs which result in a 

fibroblasts and smooth muscle cells in the atheroscle- general suppression of the immune response, rather than 

rotic plaque. In addition, platelets may interact with the 65 specific supression to transplantation antigens, and such 

injured endothelial cell and the activated macrophage drugs are not always effective. Thus, there remains a 

to potentiate the elaboration of growth factors and need for a method to modulate the immune system of an 

thrombus formation. animal. 
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SUMMARY OF THE INVENTION * «ta*^ifl^^>if^^jnhei^ta 

replace damaged cells, while instillation of transformed 

Accordingly, one object of the present invention is to cells can be used to cause the expression of cither a 
provide a novel method for the site-specific administra- defective endogenous gene or an exogenous gene or the 
tion of a therapeutic agent 5 suppression of an endogenous gene product. Instillation 

It is another object of the present invention to pro- of cells in the walls of the patient's blood vessels can be 
vide a method for the perfusion of a therapeutic agent in used to cause the steady perfusion of a therapeutic agent 
the blood stream of a patient. in the blood stream. 

It is another object of the present invention to pro- -The inventors have also discovered that by trans- 
vide a method for causing the expression of an exoge- 10 forming cells of an animal, in vivo, it is possible to mod- 
nous gene in a patient ulate the animal's immune system. In particular, by 

It is another object of the present invention to pro- transforming cells of an animal, with a recombinant 
vide a method for causing the expression of a defective gene, by site-specific or systemic administration it is 
endogenous gene in a patient. possible to modulate the animal's immune system to 

It is another object of the present invention to pro- 15 sensitize the animal to the molecule for which the re- 
vide a method for suppressing the expression of an en- combinant gene encodes. Alternatively, by transfonn- 
dogenous gene in a patient kg cells of an animal with a recombinant gene, specifi- 

It is another object of the present invention to pro- at a » te which determines the specificity of the 

vide a method for site-specifically replacing damaged immune system, such as, e.g., the thymus, it is possible 
cells in a patient 20 to modulate the immune system of an animal to suppress 

It is another object of the present invention to pro- thc immunc response to the molecule encoded by the 
vide a method for the treatment of a disease by causing recombinant gene. 

either the site-specific administration of a therapeutic BRIEF DESCRIPTION OF THE DRAWINGS 
agent or the perfusion of a therapeutic agent in the t . . , _ . 

bloodstream ofa patient. 25 A more complete appreciation of the invention and 

It is another object of the present invention to pro- W *J** a £ at ^v^tages thereof will be 
vide a method for the treatment of a disease by causing ° b ^«* *■* same became better uydersto^ 

. . - - ° by reference to the following detailed description when 

either the expression of an exogenous gene, the expres- _i -j„ j • Al _ g- 

e « ~ • . ° a . r . considered in connection with the accompanying fig- 

sion ofa defective endogenous gene, or the suppression ^ ^ wnere j n . 

of the expression ofan endogenous gene in a patient. ^ , m ' 2 fllustrate ^ ^ of a m 

It is another object of the present invention to pro- dancc ^ the to surgi cally or percutane- 

vide a method for the treatment of a disease by site- ousj • lsmt ^ m a blood vessd or to transform in 
specifically replacing damaged cells in a patient ^ ^ t Qn thc wa]I of a ticntVi blood vesseI; 

It is smother object of the present invention to pro- 35 mG 3 mustIBtes ^ r d auons hi p between the % of 
vide atat for site-specifically instilling normal or trans- to t ^ lysis ^ the cffector:target mtio for CTL 
formed cells m a patient. ^ 

It is another object of the present invention to pro- p£ a 4 illustrates the results of a Western blot analy- 
vioe a kit for site-specifically transforming cells in vivo. s [ s 

It is another object of the present invention to pro- 40 
vide a method for modulating the immune system of an DETAILED DESCRIPTION OF THE 

animal. PREFERRED EMBODIMENTS 

It is another object of thc present invention to pro- Thus, in one embodiment, the present invention is 
vide a method for modulating the immune system ofan used to treat diseases, such as inherited diseases, sys- 
animal to sensitize the animal to a foreign molecule. 45 temic diseases, diseases of the cardiovascular system, 

It is another object of the present invention to pro- diseases of particular organs, or tumors by instilling 
vide a method to stimulate the immune system of an normal or transformed cells or by transforming cells- 
animal to reject proteins in order to protect against The cells which may be instilled in the present 
infection by a microorganism or virus. method include endothelium, smooth muscle, fibro- 

It is another object of the present invention to pro- 50 blasts, monocytes, macrophages, and parenchymal 
vide a method for modulating the immune system of an cells. These cells may produce proteins which may 
animal to tolerize the animal to a foreign molecule. have a therapeutic or diagnostic effect and which may 

It is another object of the present invention to pro- be naturally occurring or arise from recombinant ge- 
vide a method for modulating the immune system of an netic material. 

animal to reduce the tendency to reject a transplant. 55 Referring now to the figures, wherein like reference 
It is another object of the present invention to pro- numerals designate identical or corresponding parts 
vide a novel lot for transforming cells by systemic ad- throughout the several views, and more particularly to 
ininistration in vivo. FIG. 1 thereof, this figure illustrates the practice of the 

These and other objects of this invention which will present invention with a catheter having a design as 
become apparent during the course of the following 60 disclosed in U.S. Pat. No. 4,636,195, which is hereby 
detailed description of the invention have been discov- incorporated by reference. This catheter may be used to 
ered by the inventors to be achieved by (a) a method provide normal or genetically altered cells on the walls 
which comprises either (I) site-specific instillation of of a vessel or to introduce vectors for the local transfor- 
either normal (untransformed) or transformed cells in a mation of cells. In the figure, 5 is the wall of the blood 
patient or (ii) site-specific transformation of cells in a 65 vessel. The figure shows the catheter body 4 held in 
patient and (b) a kit which contains a catheter for CO place by the inflation of inflatable balloon means 1 and 
site-specific instillation of either normal or transformed 2. The section of the catheter body 4 situated between 
cells or (ii) she-specific transformation of cells. balloon means 1 and 2 is equipped with instillation port 
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means 3. The catheter may be further equipped with a be expressed must be cloned and available for genetic 
guidewire means 6. FIG. 2 illustrates the use of a similar manipulation. Third, the gene must be introduced into 
catheter, distinguished from the catheter illustrated in the cell in a form that will be expressed or functional. 
FIG. 1 by the fact that it is equipped with only a single Fourth, the genetically altered cells must be situated in 
inflatable balloon means 2 and a plurality of instillation 5 the vascular region where it is needed, 
port means 3. This catheter may contain up to twelve In accordance with the present invention the altered 
individual instillation port means 3, with five being cells or appropriate vector may be surgically, percuta- 
illustrated. neously, or intravenously introduced and attached to a 

In the case of delivery to an organ, the catheter may section of a patient's vessel wall. Alternatively, some of 
be introduced into the major artery supplying the tissue. 10 the cells existing on the patient's vessel wall are trans- 
Cells containing recombinant genes or vectors can be formed with the desired genetic material or by directly 
introduced through a central instillation port after tern- applying the vector. In some instances, vascular cells 
porary occlusion of the arterial circulation. In this way, which are not genetically modified can be introduced 
cells or vector DNA may be delivered to a large by these methods to replace cells lost or damaged on the 
amount of parenchymal tissue distributed through the 15 vessel surface. 

capillary circulation. Recombinant genes can also be Any blood vessel may be treated in accordance with 
introduced into the vasculature using the double bal- this invention; that is, arteries, veins, and capillaries, 
loon catheter technique in the arterial circulation proxi- These blood vessels may be in or near any organ in the 
mal to the target organ. In this way, the recombinant human, or mammalian, body. 

genes may be secreted directly into the circulation 20 , . , , . „ . « . 

which perfuse the involved tissue or may be synthesized Introduction of normal or genetically altered cells into 
directly within the organ. a bIood vesseI 

In one embodiment, the therapeutic agents are sc- This embodiment of the invention may be illustrated 
creted by vascular cells supplying specific organs af- as follows: 

fected by the disease. For example, ischemic cardiomy- 25 I. Establishment of endothelial or other vascular cells 
opathy may be treated by introducing angiogenic fac- in tissue culture. 

tors into the coronary circulation. This approach may Initially, a cell line is established and stored in liquid 
also be used for peripheral, vascular or cerebrovascular nitrogen. Prior to cryopreservation, an aliquot is taken 
diseases where angiogenic factors may improve circula- for infection or transection with a vector, viral or oth- 
tion to the brain or other tissues. Diabetes mellitus may 30 erwise, containing the desired genetic material, 
be treated by introduction of glucose-responsive insulin Endothelial or other vascular cells may be derived 
secreting cells in the portal circulation where the liver enzymatically from a segment of a blood vessel, using 
normally sees a higher insulin concentration than other techniques previously described in J. W. Ford, et aL, In 
tissues. Vitro, 17, 40 (1981). The vessel is excised, inverted over 

In addition to providing local concentrations of ther- 35 a stainless steel rod and incubated in 0.1% trypsin in 
apeutic agents, the present method may also be used for Ca++- and Mg++- free Hank's balanced salt solution 
delivery of recombinant genes to parenchymal tissues, (BSS) with 0.125% EDTA at pH 8 for 10 min at 37* C. 
because high concentrations of viral vector and other Cells (0.4 to 1.5 X 10 6 ) are collected by centrifugation 
vectors can be delivered to a specific circulation. Using and resuspended in medium 199 (GIBCO) containing 
this approach, deficiencies of organ-specific proteins 40 10% fetal bovine serum, endothelial cell growth supple- 
may also be treated. For example, in the liver, a-anti- ment (ECGS, Collaborative Research, Waltham, Mass.) 
trypsin inhibitor deficiency , or hyperchloresterolemia at 25 ug/ml, heparin at 15 U/ml, and gentamicin (50 
may be treated by introduction of a-antitrypsin or the u,g/ml). Cells are added to a 75 cm 2 tissue culture flask 
LDL receptor gene. In addition, this approach may be precoated with gelatin (2 mg/ml in distilled water), 
used for the treatment of a malignancy. Secretion of 45 Cells are fed every second day in the above medium 
specific recombinant toxin genes into the circulation of until they reach confluence. 

inoperable-tumors provides a therapeutic effect. Exam- After two weeks in culture, the ECGS and heparin 
pies include acoustic neuromas or certain hemangiomas may be omitted from the medium when culturing por- 
which are otherwise unresurrectable. cine endothelium. If vascular smooth muscle cells or 

In clinical settings, these therapeutic recombinant 50 fibroblasts are desired the heparin and ECGS can be 
genes are introduced in cells supplying the circulation omitted entirely from the culturing procedure. Aliquots 
of the involved organ. Although the arterial and capil- of cells are stored in liquid nitrogen by resuspending to 
lary circulations are the preferred locations for intro- approximately 10 6 cells in 0.5 ml of ice cold fetal calf 
duction of these cells, venous systems are also suitable. . serum on ice. An equal volume of ice cold fetal calf 

In its application to the treatment of local vascular 35 serum containing 10% DMSO is added, and cells are 
damage the present invention provides for the expres- transferred to a prechilled screw cap Corning freezing 
sion of proteins which ameliorate this condition in situ. tube. These cells are transferred to a — 70* C freezer for 
In one embodiment, because vascular cells are found at 3 hours before long term storage in liquid nitrogen, 
these sites, they are used as carriers to convey the thera- The cells are then infected with a vector containing 
peutic agents. 60 the desired genetic material. 

The invention thus, in one of its aspects, relies on II. Introduction of cells expressing normal or exogc- 
genetic alteration of endothelial and other vascular cells nous proteins into the vasculature, 
or somatic cell gene therapy, for transmitting therapeu- A. Introduction of cells expressing relevant proteins 
tic agents (i.e., proteins, growth factors) to the localized by catheterization. 

region of vessel injury. To successfully use gene trans- 65 The patient is prepared for catheterization either by 
plantation in the cells, four requirements must be ful- surgery or percutaneously, observing strict adherence 
rilled. First, the gene which is to be implanted into the to sterile techniques. A cutdown procedure is per- 
cell must be identified and isolated. Second, the gene to formed over the target blood vessel or a needle is in- 
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sertcd into the target blood vessel after appropriate The vessel surface can be prepared by mechanical 

anesthesia. The vessel (5) is punctured and a catheter, denudation alone, in combination with small amounts of 

such as described in U.S. Pat. No. 4,636,195, which is proteolytic enzymes such as dispase, trypsin, collage- 

hereby incorporated by reference (available from nase or cathepsin, or by incubation with these proteo- 

USCI, Billerica, Mass.) is advanced by guide wire means 3 lytic enzymes alone. The denudation conditions are 

(6) under fluoroscopic guidance, if necessary, into the adjusted to achieve the appropriate loss of cells from 

vessel (5) (FIG. 1). This catheter means (4) is designed the vessel wall. 

to introduce infected endothelial cells into a discrete Viral vector or DNA-vector complex is instilled in 

region of the artery. The catheter has a proximal and Dulbecco's modified Eagle's medium using purified 

distal balloon means (2) and (1), respectively, (eg., each 10 virus or complexes containing autologous serum, and 

balloon means may be about 3 mm in length and about adhesive molecules such as polybrene (10 jig/ml), poly- 

4 mm in width), with a length of catheter means be- L-lysine, dextran sulfate, or any polycarionic substance 

tween the balloons. The length of catheter means be- which is physiologically suitable, or a hybrid antibody 

tween the balloons has a port means connected to an directed against the envelope glycoprotein of the virus 

instillation port means (3). When the proximal and distal 15 or the vector and the relevant target in the vessel wall 

balloons are inflated, a central space is created in the or in the tissue perfused by the vessel to enhance the 

vessel, allowing for instillation of infected cells though efficiency of infection by increasing adhesion of viral 

the port particles to the relevant target cells. The hybrid anti- 

A region of the blood vessel is identified by anatomi- body directed against the envelope glycoprotein of the 

cal landmarks and the proximal balloon means (2) is 20 vims or the vector and the relevant target cell can be 

.inflated to denude the endothelium by mechanical made by one of two methods. Antibodies directed 

trauma (eg., by forceful passage of a partially inflated against different epitopes can be chemically crosslinked 

balloon catheter within the vessel) or by mechanical (G. Jung, C. J. Honsik, R. A. Reisfeld, and H. J. Muller- 

trauma in combination with small amounts of a proteo Eberhard, Proc Natl Acad. Set USA, 83, 4479 (1986); 

lytic enzyme such as dispase, trypsin, collagenase, pa- U. D. Stacrz, O. Kanagawa, and M. J. Bevan, Nature, 

pain, pepsin, chymotrypsin or cathepsin, or by incuba- 314, 628 (1985); and P. Perez, R. W. Hoffman, J. A. 

tion with these proteolytic enzymes alone. In addition Titus, and D. M. Segal, /. Exp. Med., 163, 166 (1986)) or 

to proteolytic enzymes, Iiposes may be used. The region biologically coupled using hybrid hybridomas (U. D. 

of the blood vessel may also be denuded by treatment 3Q Stacrz and M. J. Bevan, Proc Natl Acad, ScL USA, 83, 

with a mild detergent or the like, such as NP-40, Triton 1453 (1986); and C Milstein and A. C. Cuello, Nature, 

X100, deoxycholate, or SDS. 305, 537 (1983)). After incubation in the central space of 

The denudation conditions are adjusted to achieve the catheter for 0.2 to 2 hours or more, the medium is 
essentially complete loss of endothelium for cell trans- evacuated, gently washed with phosphate buffered sa- 
fer* or approximately 20 to 90%, preferably 50 to 75%, 35 line, and circulation restored. 

loss of cells from the vessel wall for direct infection. In Using a different catheter design (see FIG. 2), a dif- 

some instances cell removal may not be necessary. The ferent protocol for instillation can also be used. This 

catheter is then advanced so that the instillation port second approach involves the use of a single balloon 

means (3) is placed in the region of denuded endothe- means (2) catheter with multiple port means (3) which 

hum. Infected, transfected or normal cells are then in- allow for high pressure delivery of the retrovirus into 

stilled into the discrete section of artery over thirty partially denuded arterial segments. The vessel surface 

minutes. If the blood vessel is perfusing an organ which is- prepared as described above and defective vector is 

can tolerate some ischemia, eg., skeletal muscle, distal introduced using similar adhesive molecules. In this 

perfusion is not a major problem, but can be restored by instance,* the use of a high pressure delivery system 

an external shunt if necessary, or by using a catheter 4.5 serves to optimize the interaction of vectors with cells 

which allows distal perfusion. After instillation of the in adjacent vascular tissue. 

infected endothelial cells, the balloon catheter is re- The present invention also provides for the use of 

moved, and the arterial puncture site and local skin growth factors delivered locally by catheter or systemi- 

incision are repaired. If distal perfusion is necessary, an cally to enhance the efficiency of infection. In addition 

alternative catheter designed to allow distal perfusion 50 to retroviral vectors, herpes virus, adenovirus, or other 

may be used. viral vectors are suitable vectors for the present, tech- 

B. Introduction of recombinant genes directly into nique. 

cells on the wall of a blood vessel or perfused by a It is also possible to transform cells within an organ or 

specific circulation in vivo; infection or transfection of tissue. Direct transformation of organ or tissue cells 

cells on the vessel wall and organs. 35 may be accomplished by one of two methods. In a first 

Surgical techniques are used as described above. In- method a high pressure transfection is used. The high 

stead of using infected cells, a high titer desired genetic pressure will cause the vector to migrate through the 

material transducing viral vector (10 s to 10 6 parti- blood vessel walls into the surrounding tissue. In a sec- 

cles/ml) or DNA complexed to a delivery vector is ond method, injection into a capillary bed, optionally 

directly instilled into the vessel wall using the double 60 after injury to allow leaking, gives rise to direct infec- 

balloon catheter technique. This vector is instilled in tion of the surrounding tissues, 

medium containing serum and polybrene (10 fig/ml) to The time required for the instillation of the vectors or 

enhance the efficiency of infection. After incubation in cells will depend on the particular aspect of the inven- 

the dead space created by the catheter for an adequate tion being employed. Thus, for instilling cells or vectors 

period of time (0.2 to 2 hours or greater), this medium is 65 in a blood vessel a suitable time would be from 0.01 to 

evacuated, gently washed with phosphate-buffered sa- 12 hrs, preferably 0.1 to 6 hrs, most preferably 0.2 to 2 

line, and arterial circulation is restored. Similar proto- hrs. Alternatively for high pressure instillation of vec- 

cols are used for post operative recovery. tors or cells, shorter times might be preferred. 
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Obtain** *c ce* in this invention ^^4^B£^RS£ £ 

The term "genetic material" generally refers to DNA mRNAs. To inhibit the production of a specific target 

which codes for a protein. This term also encompasses gene, the mRNA encoding this gene may be specifically 

RNA when used with an RNA virus or other vector 5 degraded using ribozymes. Briefly, any GUG sequence 

based on RNA. within the RNA transcript can serve as a target for 

Transformation b the process by which cells have degradation by the ribozyme. These may be identified 

incorporated an exogenous gene by direct infection, by DNA sequence analysis and GUG sites spanning the 

transfection or other means of uptake, RNA transcript may be used for specific degradation. 

The term "vector" is well understood and is synony- 10 Sites in the 5' untranslated region, in the coding region, 
mous with the often-used phrase "cloning vehicle". A and in the 3' untranslated region may be targeted to 
vector is non-chromosomal double-stranded DNA determine whether one region is more efficient in de- 
comprising an intact replicon such that the vector is grading this transcript Synthetic oligonucleotides en- 
replicated when placed within a unicellular organism, coding 20 base pairs of complementary sequence up- 
for example by a process of transformation. Viral vec- 15 stream of the GUG site, the hammerhead structure and 
tors include retroviruses, adenoviruses, herpesvirus, —20 base pairs of complementary sequence down- 
papovirus, or otherwise modified naturally occurring stream of this site may be inserted at the relevant site in 
viruses. Vector also means a formulation of DNA with the cDN A. In this way, the ribozyme may be targeted 
a chemical or substance which allows uptake by cells. to the same cellular compartment as the endogenous 

In another embodiment the present invention pro- 20 message. The ribozymes inserted downstream of spe- 
vides for inhibiting the expression of a gene. Four ap- cific enhancers, which give high level expression in 
proaches may be utilized to accomplish this goal. These specific cells may also be generated. These plasmids 
include the use of antisense agents, either synthetic may be introduced into relevant target cells using dec- 
oligonucleotides which are complementary to the troporation and cotransfection with a neomycin resis- 
mRNA (Maher III, L. J. and Dolnick, B. J. Arch. Bio- 25 tant plasmid, pSV2-Neo or another selectable marker. 
chem. Biophys., 253, 214-220 (1987) and Zamecnik, P. The expression of these transcripts may be confirmed 
C, et al., Proc Natl Acad. Set. 83, 4143-4146 (1986)), or by Northern blot and SI nuclease analysis. When con* 
the use of plasmids expressing the reverse complement firmed, the expression of mRNA may be evaluated by 
of this gene (Izant, J. H. and Wemtraub, H., Science, SI nuclease protection to determine whether expression 
229, 345-352, (1985); Cell 36, 1077-1015 (1984)). In 30 of these transcripts reduces steady state levels of the 
addition, catalytic RNAs, called ribozymes, can specifi- target mRNA and the genes which it regulates. The 
cally degrade RNA sequences (Uhlenbeck, O. Cl, Na- level of protein may also be examined. 
ture, 328, 596-600 (1987), Haseloff, J. and Gerlach, W. Genes may also be inhibited by preparing mutant 
L., Nature, 334, 585-591 (1988)). The third approach transcripts lacking domains required for activation, 
involves "intracellular immunization", where analogues 35 Briefly, after the domain has been identified, a mutant 
of intracellular proteins can interfere specifically with form which is incapable of stimulating function is Syn- 
th eir function (Friedman, A. D., Triezenberg, S. J. and thesized. This truncated gene product may be inserted 
McKnight, S. L., Nature, 335, 452-454 (1988)), de- downstream of the SV-40 enhancer in a plasmid con- 
scribed in detail below. taining the neomycin resistance gene (Mulligan, R. and 

The first approaches may be used to specifically elim- 40 Berg, P., Science, 209, 1422-1427 (1980) (in a separate 

inate transcripts in cells. The loss of transcript may be transcription unit). This plasmid may be introduced into 

confirmed by SI nuclease analysis, and expression of cells and selected using G418. The presence of the mu- 

binding protein determined using a functional assay. tant form of this gene will be confirmed by SI nuclease 

Single-stranded oligonucleotide analogues may be used analysis and by tmmunoprecipitation. The function of 

to interfere with the processing or translation of the 45 the endogenous protein in these cells may be evaluated 

transcription factor mRNA. Briefly, synthetic oligonu- in two ways. First, the expression of the normal gene 

cleotides or thiol-derivative analogues (20-50 nucleo- may be examined. Second, the known function of these 

tides) complementary to the coding strand of the target proteins may be evaluated. In the event that this mutant 

gene may be prepared. These antisense agents may be intercellular interfering form is toxic to its host cell, it 

prepared against different regions of the mRNA. They 50 may be introduced on an inducible control clement, 

are complementary to the 5' untranslated region, the such as metallothionein promoter. After the isolation of 

translational initiation site and subsequent 20-50 base stable lines, cells may be incubated with Zn or Cd to 

pairs, the central coding region, or the 3' untranslated express this gene. Its effect on host cells can then be 

region of the gene. The antisense agents may be incu- evaluated. 

bated with cells transfected prior to activation. The 55 Another approach to the inactivation of specific 

efficacy of antisense competitors directed at different genes is to over express recombinant proteins which 

portions of the messenger RNA may be compared to antagonize the expression or function of other activities, 

determine whether specific regions may be more efifec- For example, if one wished to decrease expression of 

tive in preventing the expression of these genes. TPA (eg., in a clinical setting of disseminate thrombol- 

RNA can also function in an autocatalytic fashion to 60 ysis), one could overexpress plasminogen activator in- 

cause autolysis or to specifically degrade complemen- hibitor. 

tary RNA sequences (Uhlenbeck, O. C, Nature, 328, Advances in biochemistry and molecular biology in 

596-600 (1987), Haseloff, J. and Gerlach, W. L M Nature, recent years have led to the construction of M recombi- 

334, 585-591 (1988), and Hutchins, C. J., ct al, Nucleic nam" vectors in which, for example, retroviruses and 

Acids Bex, 14, 3627-3640 (1986)). The requirements for 65 plasmids are made to contain exogenous RNA or DNA, 

a successful RNA cleavage include a hammerhead respectively. In particular instances the recombinant 

structure with conserved RNA sequence at the region vector can include heterologous RNA or DNA, by 

flanking this structure. Regions adjacent to this cata- which is meant RNA or DNA that codes for a polypep- 
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tide ordinarily not produced by the organism suscepti- 
ble to transformation by the recombinant vector. The 
production of recombinant RNA and DNA vectors is 
well understood and need not be described in detail. 
However, a brief description of this process is included 5 
here for reference. 

For example, a retrovirus or a plasmid vector can be 
cleaved to provide linear RNA or DNA having ligata- 
ble termini. These termini are bound to exogenous RNA 
or DNA having complementary like ligatable termini to 10 
provide a biologically functional recombinant RNA or 
DNA molecule having an intact replicon and a desired 
phenotypical property. 

A variety of techniques are available for RNA and 
DNA recombination in which adjoining ends of sepa- 15 
rate RNA or DNA fragments are tailored to facilitate 
ligation. 

The exogenous, Le., donor, RNA or DNA used in the 
present invention is obtained from suitable cells. The 
vector is constructed using known techniques to obtain 20 
a transformed cell capable of in vivo expression of the 
therapeutic agent protein. The transformed cell is ob- 
tained by contacting a target cell with a RNA- or 
DNA-containing formulation permitting transfer and 
uptake of the RNA or DNA into the target cell. Such 25 
formulations include, for example, retroviruses, plas- 
mids, liposomal formulations, or plasmids complexes 
with polycationic substances such as poly-L-lysine, 
DEAC-dextran and targeting ligands. 

The present invention thus provides for the genetic 30 
alteration of cells as a method to transmit therapeutic or 
diagnostic agents to localized regions of the blood ves- 
sel for local or systemic purposes. The range of recom- 
binant proteins which may be expressed in these cells is 
broad and varied. It includes gene transfer using vectors 35 
expressing such proteins as tPA for the treatment of 
thrombosis and restenosis, angiogenesis or growth fac- 
tors for the purpose of revascularization, and vasoactive 
factors to alleviate vasoconstriction or vasospasm. This 
technique can also be extended to generic treatment of 40 
inherited disorders, or acquired diseases, localized or 
systemic. The present invention may also be used to 
introduce normal cells to specific sites of cell loss, for 
example, to replace endothelium damaged during angi- 
oplasty or catheterization. 45 

For example, in the treatment of ischemic diseases 
(thrombotic diseases), genetic material coding for tPA 
or modifications thereof, urokinase or streptokinase is 
used to transform the cells. In the treatment of ischemic 
organ (e.g., heart, kidney, bowel, liver, etc.) failure, 50 
genetic material coding for recollateralization agents, 
such as transforming growth factor a (TGF-a), trans- 
forming growth factor ft (TGF-/J) angiogram, tumor 
necrosis factor a, tumor necrosis factor 0, acidic fibro- 
blast growth factor or basic fibroblast growth factor 55 
can be used. In the treatment of vasomotor diseases, 
genetic material coding for vasodilators or vasocon- 
strictors may be used. These include atrial natriuretic 
factor, platelet-derived growth factor or endothelin. In 
the treatment of diabetes, genetic material coding for 60 
insulin may be used. 

The present invention can also be used in the treat- 
ment of malignancies by placing the transformed cells in 
proximity to the malignancy. In this application, genetic 
materia] coding for diphtheria toxin, pertussis toxin, or 65 
cholera toxin may be used. 

In one of its embodiments, the present invention pro- 
vides for the therapy of malignancy by either stimulat- 



ing an immune response against tumor cells or inhibiting 
tumor cell growth or metastasis by genetic modification 
in vivo. This approach differs from previous methods in 
which tumor cells are propagated, modified, and se- 
lected in vitro. 

In accordance with this embodiment, the present 
method is used to deliver a DNA sequence or an RNA 
sequence, including recombinant genes, to tumor cells 
in vivo with (1) retroviral or viral vectors as vehicles, 
(2) DNA or RNA/liposome complexes as vehicles, (3) 
chemical formulations containing the DNA or RNA 
sequence and coupled to a carrier molecule which facil- 
itates delivery of the sequence to the targeted cells, or 
(4) by utilizing cell-mediated gene transfer to deliver 
genes to specific sites in vivo, eg., by relying upon the 
use of vascular smooth muscle cells or endothelia cells . 
which have been transduced in vitro as a vehicle to 
deliver the recombinant gene into the site of the tumor. 

In an aspect of this embodiment, the present inven- 
tion relies on the immune system to provide protection 
against cancer and play an important role as an adjuvant 
treatment for a malignancy. Immunotherapy has shown 
promise as an adjuvant approach to the treatment of 
malignancies. Both cytolytic T cells and lympholrines 
can facilitate tumor cell destruction, and strategies to 
enhance tumor regression by administration of cyto- 
kines or tumor infiltrating lymphocytes have shown 
efficacy in animal models and human trials. For exam- 
ple, it is known that lymphokine activated killer cells 
(LAK) and tumor infiltrating lymphocytes (TIL) can 
lyse neoplastic cells and produce partial or complete 
tumor rejection. Expression of cytokine genes in malig- 
nant cells has also enhanced tumor regression. 

The present invention provides a novel gene transfer 
approach against tumors by the introduction of recom- 
binant genes directly into tumor cells in vivo, where, by 
contrast, traditional gene transfer techniques have fo- 
cused on modification of tumor cells in vitro followed 
by transfer of the modified cells. The prior art ap- 
proaches are disadvantageous because they subject the 
cells to selection in different growth conditions from 
those which act in vivo, and because they also require 
that cell lines be established for each malignancy, 
thereby rendering adaptability to human disease consid- 
erably more difficult 

Genes which may be used with this embodiment 
include genes containing a DNA sequence (or the cor- 
responding RNA sequence may be used) encoding an 
intracellular, secreted, or cell surface molecule which is 
exogenous to the patient and which (1) is immunogenic 
to the patient, (2) induces rejection, regression, or both, 
of the tumor, or (3) is toxic to the cells of the tumor. 

The vectors containing the DNA sequence (or the 
corresponding RNA sequence) which may be used in 
accordance with the invention may be an eukaryotic 
expression vector containing the DNA or the RNA 
sequence of interest. Techniques for obtaining expres- 
sion of exogenous DNA or RNA sequences in a host are 
known. See, for example, Korman et al, Proc Nat Acad. 
Set (USA), (1987) 84:2150-2154, which is hereby incor- 
porated by reference. 

This vector, as noted above, may be administered to 
the patient in a retroviral or other viral vector fit, a 
viral vector) vehicle, a DNA or RNA/liposome com- 
plex, or by utilizing cell-mediated gene transfer. Fur- 
ther, the vector, when present in non-viral form, may be 
administered as a DNA or RNA sequence-containing 
chemical formulation coupled to a carrier molecule 
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which facilitate, delivery "the host cell. Such carrier r*tibility 8«es Class II 1 J*?^^^^ 

molecule would include an antibody specific to the cells terial genes, including mycobacterial (PPD) 8 enes ^ d 

TSnX Sr is being delive^for . molecule genes encoding heat shock protems v.ra '8^^ 

unable of interacting with a receptor associated with encoding genes, including vesicular stomatitis virus G 
£?^«tcelb 5 protein, influx hemagglutinin, and herpes virus gly- 

CeU-mediated gene transfer may be used in accor- coprotein 0, minor histocompatibility antigens, foreign 

<U^ fwttS TJSSZ this mLc, one relics upon proteins, such as lysozyme or 

Redelivery of recombinant genes into living organisms and oncogenes, including EIA. P53 («™^ 

bv mnsfaof thTgenetic material into cells derived (2) immune and growth sdmulants/inmb ton. inc uding 
J^lfftei^JStoitamcdl culture, followed 10 inducers of differentiation, such « stm>uhuits. mcludmg 

b^c^Suchono? genetically altered cells into Ac bterleuldn-2 (11,2) 1^4. ^6 or 8 J« cers 

hose An Ulustrative rJckaging cell line which may be of differentiation, such as TNF-a or 0, TGF-0 (1. 2 or 

aled taradrce whh thbe^bodiment Udescribed in 3), IL-1. soluble growth fact^recepton ^DG^FGF 

Sanot £K£ Nod Acad. Sci. {USA) (1988) 85:64*0. receptors). ^X£w£tct £ TSgF^GF? 

human animal, either locally or systemically. The sys- ^%P£^ A .„ uence j, preferab , y obtained 

33s SSr.vns: £§3SSS2SSS 
sSSSsSsssc&k BS.^SHS 

~££3=£=££2s£ £^^?£S5 

Such complexes compnse a mature of fat partcles. ^^"^^ whichcontains either an 
lipids, which bind to genetic material, DNA or UNA. 45 tains a "meter ana i ' » catheter is 

.ccordance with the invention may compns.DOPE ££^g^£^J?£ holTthe rnairfcatheter 

tiS&ESSL M %£&S$SE£Z b£ylpt£nTL blood vessel, and means c^ried by 
(N^olertrum-3-^-ol 3-uretnanyih« .in ttc main catheter body for delivering a solution into the 

thylethylene diamine). . ^ solution which contains the en- 

As noted above. ^""'^f^^ 0 7m1ld determent is a physiologically acceptable 

used. in accordance with the P"^^*":. ™* „ Xtion The solution may contain a proteolytic en- 
include chemical formulations of DNA or RNA cou- 33 solution, ine ,L n ^ n „iHaiTenase. Moa in. 

pleSTo a eerier molecule (e.g.. an antibody or a recep- ^ ?;J£T*S,& 
Lug^whichfacaitttesdeliverytohostcellsfor^ ^ZJlS^S^Jl As a mUd detergent, the 

lipid, or derivative thereof, carrier molecule Such car- nl« Mojfl ^ch fo dextr L sulfate, a 
rier molecules include antibodies speedtc to the hos Sv^tlonTc mntS orScn. antibodies. This solu- 
o*«'^*^^»*^ilSZ >wM 65 ff^yalsV^Sv^ 

with receptors associated with the host cells. M . mother embodiment the kit may contain 

The molecules which may 1 be usedm fS^S^KS- which contains an en- 

• ^SS^^^lSoS zymc or tmld detergents a solution which conu.ns 
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an agent such as heparin, poly-L-lysine, polygene, the cultured cells contained this receptor, as judged by 
dextran sulfate, a polycationic material or bivalent anti- fluorescent ACLDL uptake. 

bodv and which^iay optionally contain vectors or Two independent jj-galactc^dase-expressing endo- 
body ana wnicn may up y ^ were plated following uifection with a 

^Thc kit may contain a catheter with a single balloon 5 murine amphotropic /5-galactosidase-transducing re- 
and central distal perfusion port, together with accept- troviral vector (BAG), which is rephcationHJefectrye 
able solutions to allow introduction of cells in a specific and contains both 0-galactosidase and neomycin reas- 
orzan or vectors into a capillary bed or cells in a spe- tance genes (3). Cells containing this vector were se- 
cific organ or tissue perfused by this capillary bed. lected for their abUity to grow m the presence of G-418. 

Alternatively, the kit may contain a main catheter 10 Greater than 90% of selected cells synthesized £-galac- 
body which has two spaced balloon elements adapted to tosidase by histochemical staining. The endothelial na- 
be inserted in a blood vessel with both being expansible ture of these genetically altered cells was also con- 
against the walls of the blood vessel for providing a firmed by analysis of fluorescent ACLDL uptake. In- 
chamber in the blood vessel, and to hold the main cathe- fection by BAG retrovirus was further verified by 
ter body in place. In this case, the means for delivering 15 Southern blot analysis which revealed the presence or 
a solution into the chamber is situated in between the intact proviral DNA at approximately one copy per 
balloon elements. The kit may contain a catheter which genome. 

possesses a plurality of port means for delivering the Endothelial cells derived from this inbred strain, 
solution into the blood vessel. being syngeneic, were applicable for study in more than 

Thus, the present invention represents a method for 20 onc ininipig, and were tested in nine different expen- 
treating a disease in a patient by causing a cell attached mcn tal subjects. Under general anesthesia, the femoral 
onto the walls of a vessel or the cells of an organ per- ^ fliac arteries were exposed, and a catheter was 
fused by this vessel in the patient to express an exoge- introduced into the vessel (FIG. 1). Intimal tissues of 
nous therapeutic agent protein, wherein the protein the arterial wall were denuded mechanically by forceful 
treats the disease or may be useful for diagnostic pur- 25 passagc of a partially inflated balloon catheter within 
poses. The present method may be used to treat dis- ^ vcsscL The artery was rinsed with heparinired sa- 
cases, such as an ischemic disease, a vasomotor disease, line md incubated with the neutral protease, dispase (50 
diabetes, a malignancy, AIDS or a genetic disease. U/ml), which removed any remaining luminal endothe- 

The present method may use exogenous therapeutic ^ ccUs Rcsidua i enzyme was rapidly inactivated by 
agent proteins, such as tPA and modifications thereof, 30 ^ gJobulm m pla5ma upon deflating the catheter bal- 
urokinase, streptokinase, acidic fibroblast growth fac- loons ^ allowing blood to flow through the vessel 
tor, basic fibroblast growth factor, tumor necrosis fac- The cultured endothelial cells which ex- 

tor a, tumor necrosis factor P, transforming growth VTtsscd 0-galactosidase were introduced using a spe- 
factor a, transforming growth factor atrial natn- J- designed arterial catheter (USCI, Billerica, Mass.) 
urctic factor, platelet-derived growth factor, endo- 33 ^ ^ balloons and a central instillation 

thelian, insulin, diphtheria toxin, pertussis toxin, cholera 1} 

toxin, soluble CD4 and derivatives thereof, and growth when these balloons were inflated, a protected space 
hormone to treat diseases. . was created within the artery into which cells were 

The present method may also use exogenous protems fa|fflBd ^ ^ ^ 3 (FIG. 1). These 

of diagnostic value. For example, a marker proton, 40 ceUs> which expressed 0-galactaudase, 

such as ^-galactosidase, may be used to monitor ecu allowed to incubate for 30 minutes to facilitate 

migration. m - their attachment to the denuded vessel. The catheter 

It is preferred, that the cells caused to express the removed, the arterial branch ligated, and the 

exogenous therapeutic agent protein be endothelial ^cision closed. 

cells. . n Segments of the artery inoculated with 0-galactosi- 

Other features of the present mvenUon wul ^ ^ endothelium were removed 2 to 4 

apparent in the course of the following d«cripttons of v ^ ajuabajdm of ^ arterial specimen 

exemplary embodiments which are given for^ustraUon ^ chromogcn showed multi- 

of the invention and are not intended to be limiting » ^ * Wu * ^j^^ compared to an artery 
thereof. . . - seeded with uninfected endothelium, indicative of &~ 

The data reported below demonstrate the JMfag ^ty. Light microscopy documented 

. of endothelial cell transfer and gene tr^p M f™^^ primarily in endothelial cells of 

that endothelial cells may be stably ^P^ m ^ n JK^Tin experimentally seeded vessels, 
the arterial wall by catheterization and express a recom- no evidence of similar staining was ob- 

binant marker protein, ^-g^actosio^ m^va m cgM segments which had received endo- 

Because atherogenesis in swine has *mi^es to contaixunVno ^galactosidase. /3-Galactosi- 

humans, an inbred pig stram. the Yucatan ininipig ^ occasionally evident in deeper intimal 

(Charles River Laboratories, Inc., Wilmington, Mass.). Set^e^g^pment or migration of seeded 
was chosen as an animal model (1). A primary endothe- 22SnT previously injured vessel wall, 
lial cell line was establhhed from *e " T^^ZZtlTo^c6 in" the first two experi- 

vein of an 8 month-old female minipig. The endothelial r™^ lhicct5L -r^ complication was mmimized m 
cell identity of this line was confirmed in that the ceUs ^^^^ ^£ing acetylsalicylic acid 
exhibited growth characteristics and niorpholo^ typ^ ^^^do^elial cell transfer procedure and use 
cal of porcine endothelium in tissue culture. ^oUmhal ^™J^™^ tion at the time of inoculation. In 
cells also express receptors ^^^ ^ ^SSus formation, 0-galactosidase stain- 
low density hpoprotem (AcLDV ) ^^^S S was seen in endothelial cells extending from the 
frACLvt^ veLl wall to the surface of the thrombus. 
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A major concern of gene transplantation in vivo re- Examples of molecules for which it may be desirable 
lates to the production of replication-competent re- to provide a resistance to include: cell surface mole- 
tro virus from genetically engineered ' cells. In these culcs, such as tumor antigens (carcinoembryonic anti- 
tests, this potential problem has been muiimizrrl gen), protozoan antigens (Pneumocystis), viral antigens 
through the use of a replication defective retrovirus. No 5 (HIV gp 120 and gp 160, H. influenza antigen, and hepa- 
helper virus was detectable among these lines after 20 utis B surface antigen), Lyme disease antigen, Bacterial 
passages in vitro. Although defective viruses were used antigens, and transplantation antigens (Class I or II), ras 
because of their high rate of infectivity and their stable or other oncogenes, including erb-A or neu; cytoplas- 
integrttion into the host cell genome (4), this approach mic proteins, such as the raf oncogene, src oncogene, 
to gene transfer is adaptable to other viral vectors. 10 and abl oncogene; nuclear proteins, such as £1 A onco- 

A second concern involves the longevity of expres- gene, mutant p53 oncogene, tat, tax, rev, vpu, vpx, 
sion of recombinant genes in vivo. Endothelial cell hepatitis core antigen, EBNA and viral genes; and se- 
expression of 0-galactosidase appeared constant in ves- creted proteins, such as endotoxin, cholera toxin, TNF, 
sels examined up to six weeks after introduction into the and osteoclast activating factor. 

blood vessel in the present study. IS Examples of molecules for which it may be desirable 

These tests have demonstrated that genetically- to provide a resistance to include: cell surface mole- 
altered endothelial cells can be introduced into the vas- cules, such as growth factor receptors, insulin recep- 
cular wall of the Yucatan minipig by arterial catheter- tors, thyroid hormone receptors, transplantation anti- 
ization. Thus, the present method can be used for the gens (class I or II), blood group antigens, and LDL 
localized . biochemical treatment of vascular disease 20 receptor; cytoplasmic proteins, such as cytochrome 
using genetically-altered endothelium as a vector. P450, galactosyl transferase, dystrophin, neomycin re- 

A major complication of current interventions for sistance gene, and bacterial heat shock protein; nuclear 
vascular disease, such as balloon angioplasty or inser- . proteins, such as retinoblastoma and transdominant rev; 
tion of a graft into a diseased vessel, is disruption of the and secreted proteins, such as growth hormone for 
atherosclerotic plaque and thrombus formation at sites 25 dwarfs, insulin for diabetics, and adenosine deaminase, 
of local tissue trauma (5). In part, this is mediated by It is to be understood that the nucleic acid, DNA, 
endothelial cell injury (6). The present data show that RNA, or derivative thereof, in the recombinant gene 
genetically-altered endothelial cells can be introduced may be of any suitable origin. That is the nucleic acid 
at the time of intervention to minimize local thrombosis. may be isolated from a naturally occurring source or 

This technique can also be used in other ischemic 30 may be of synthetic origin, 
settings, including unstable angina or myocardial infarc- The recombinant gene may be introduced in the cells 
tion. For instance, antithrombotic effects can be of the animal using any conventional vector. Such vec- 
achieved by introducing cells expressing genes for tis- tors include viral vectors, cationic lipids complexed to 
sue plasminogen activator or urokinase. This technol- DNA or RNA (DNA or RNA/liposomes) and DNA or 
ogy is also useful for the treatment of chronic tissue 35 RNA complexes with polycations, such as DEAE, 
ischemia. For example, elaboration of angiogenic or dextran, and polybrene. 

growth factors (7) to stimulate the formation of collat- As noted above the recombinant gene can be intro- 
eral vessels to severely ischemic tissue, such as the myo- duced into cells in a site-specific manner to confer resis- 
cardium. Finally, somatic gene replacement for sys- tance to the molecule encoded by the recombinant 
temic inherited diseases is feasible using modifications 40 gene. Suitable sites include, eg., endothelial cells or 
of this endothelial cell gene transfer technique. reticuloendothelial cells in the vasculature or any spe- 

Another aspect of the present invention relates a cific tissue or organ. The form of the preparation con- 
method for modulating the immune system of an animal taming the vector and recombinant gene used in the 
by in vivo transformation of cells of the animal with a transformation will depend on the specific tissue to be 
recombinant gene. The transformation may be carried 45 transformed. Suitable preparations for transforming 
out either in a non-site-specific or systemic manner or a endothelial cells are described elsewhere in this specifi- 
site-specific manner. If the transformation is carried out cation. In addition, preparations suitable for oral or 
in a systemic fashion or at sites other than those which other means of administration (e.g., endoscopic) may be 
confer specificity on the immune system, such as the used to provide mucosal resistance. Such preparation 
thymus, then the immune system will be modulated to 50 could include detergents, gelatins, capsules or other 
result in the animal being semitircd to the molecule for delivery vehicles to protect against degradation and 
which the recombinant gene encodes. Alternatively, if enhance delivery to the mucosal surface, in addition to 
the transformation is carried out in a site-specific man- the vector and gene. 

ner and is localized to a site which determines the speci- Alternatively, the recombinant gene may be intro- 
Mcity of the immune system, e.g., the thymus, the im- 35 duced in a site specific fashion to a site which deter- 
in une system will be modulated to result in the animal mines the specificity of the immune system. The thymus 
being tolerized to the molecule encoded by the reoom- is such a site (see: A. M. Posselt et al, Science, vol. 249, 
binant gene. p. 1292 (1990)). Thus, by introducing a recombinant 

By the term sensitized, it is meant that the immune gene site-specifically into the thymus, the immune sys- 
system exhibits a stronger response to the molecule 60 tern may be modulated to result in a tolerance to the 
encoded by the DNA after in vivo transformation as molecule encoded by the gene. In this way, transplant 
compared to before transformation. By the term toler- rejection may be suppressed. The same preparations 
ized, it is meant that the immune system displays a re- and techniques used to site-specifically transform tu- 
duced response to the molecule encoded by the recom- mors described above may be used to introduce the 
binant gene after transformation as compared to before 65 recombinant gene into the thymus. Specifically, the 
transformation. Thus, one may modulate an immune transformation preparation may be injected directed 
system to provide either a resistance or a tolerance to into the thymus or tumor or into the vascular supply of 
the molecule encoded by the DNA. the thymus or tumor. 
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nant gene into cells of an animal. Such . jte «J « to w^s^^tioned with the central space 
include approrimatdy the optimal amount of a^amer ^^denuded endothelium, and both 

such as a lipid, and nucleic acid, ™VoT*meaas °l ™ ^ denuded segment was irri- 

delivery. e*. an endoscope or a * may b *^^S^ saline, and residual adherent 

also contain instructions for the adrruruswuon of tte 20 g">«^ r e^ved^ir*taiation of dispase (20 U/ml) 
^forming preparation. Tta «n«M»d ™^ d ^ for 10 denied vessel was further irrigated 

may be freeze dned and may be packaged ^m^H mui n^u B AG-infected endothe- 

premixed. The kit may also contam a solution to opto- for 30 min. The balloon catheter 

mally reconstitute the complexes of the earner and the ^^^^^em^ei and antegrade blood flow 
nucleic acid, which provide for efficient delivery to 25 was ^^J^^^^^^ 2 to 4 
cells in vivo. Such a solution may contam one or more ^^^^J^ £fa^ry was placed in 0.5% 
ingredients, such as buffers, sugars, salts, proteins, and ^^and stored in phos- 

detergents. . r„ww Shate-huffered saline, and another portion was mounted 

Having generaJ.y dcs^bcd the * ^ 30 ffparSlSfor sectionmg.^ present of r.. 

understanding can be obtained by .^ r f^~J~™™ expressed 0-galactosidase was determined by a 

specific examples wmch are pro^drf h^ for pu^ ^^^SmZow^ {\9i- . 
poses of illustration only and are not mtended to be suuKiaru^ ^ ^ mviiTOtndin vivo, 

limiting unless otherwise specified. ^Galactosidase activity was documented by bisto- 

Experimental section 35 chemical staining in (A) primary endothelial ceUsfrom 

A. Analysis of AcLDL receptor expression in normal *e Juca^minjpig^ asubfin 

^gala^idase-mmsduced porcine endothelial 72£jSd af^ry instilled 

^dothelial cell cultures derived from the Yucatan with 

.ninipig, rwo sublines infected with BAG r^ovuus or 40 ^ ^^^^^ on o( ^ u, 

3T3 fibroblast controls were analy^ for express.on of ^ £. ^ thc BAG retrovi- 

AcLDL receptor using fluorescent labelled AcLDL. stuiea wim cnuumcu 

Endothelial cells were derived from «^*^ Endothelial cells in tissue culture were fixed in 0.5% 
veins using the neutral protease dispase (8). Exceed ™g~*J^ fo biochemical staining. The 
vein segments were filled £° ™£ ™ "oVthe* ca/^-galactosidase protein 
Hanks' balanced salt solution) and "icubatcd at joju ^Zed to identify infected endothelial cells in vitro 
for 20 minutes. Endothelium obtained by tlus means was used ito ' "™ - ^^^ transducing Mo- 
was maintained in medium 199 (GIBCO. Grand kland^ and m vwo. The ^ g^^y provided by Dr. 
N.Y.) supplemented with fetal <^, f J^ <^J2 x JK^^gpg This vector used the wild type Mo- 
u-g/ml endothelial cell growth supplement (POGS)"? 50 ^uLV LTR as a promoter for the p-galactosidase 
heparin (100 ug/ml). These cells MuL V Lm«. P^ ^ ^ ^ 
BAG retrovirus, and ^^^^"^^I g£cd to the^nS neomycin resistance gene provides 
Cell cultures were incubated with (1.1 "^SS reriaance to the drug G-41 8 and is inserted downstream 
WXSMetramethyur^car^^^ Sactosidase gene, providing a marker to se- 
(DU) AcLDL ^omedwal Tectaolopes. Stolon o for P reMvin ^ nta ining. 0-galactosidase «*ress- 
Mass.) (10 ug/ml) for 4-6 hrs. at 37 C.. louoweo oy defective retrovirus was prepared from 
thrJrbis/witb phosphate-buffered fitoSta cS (S^d mamtained in Dulbec- 
0.5% glutaraldehyde. Cells were visualized by phase ™JJ*5^^^ (DMEM) and 10% calf 
contrast and fluorescent microscopy. Cciis wc £. passaged twice weekly following 
B. Method of introduction of endothelial cells by «> ^^^^J^^,. with titers of 
catheterization. . ^ - io4_ioS/ml G-418 resistant colonies, was added to en- 
A double balloon catheter was used for ^itohonof '^^s It tw^rds confluence and incubated 
endothelial cell, The catheter has a P-^^ tSSSH ta d£ with 10% calf serum at 3T C. 
balloon, each 6 mm m length and 5 ^ ^ a ™ 5% cOi in the presence of 8 ug/ml of polybrene^ 
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for an additional 24 to 48 hours prior to selection in dase DNA/liposorae vectors. Treatment with the 
G^18 (0.7 pg/ml of a 50% racemic mixture). G-418 H-2K*Uposcra complex mprovedsunnval ™ d a " enu - 
resistant celEwere isolated and analyzed for 0-galac- ated tumor growth, m contrast to 0-gJactosidase trans- 
tosidase expression using a standard histochemical stain duced tumors where there was no difference in growth 
f9 ) cells stably expressing the /3-galactosidase enzyme 5 rate compared to the uninjected controls. Complete 
were maintained in continuous culture for use as tumor regression was acheived m two mice by increas- 
needed. Frozen aliquots were stored in liquid nitrogen. ing the number of injections andby delivery of H-2K 
D. Immunotherapy of Malignancy by In Vivo Gene into tumors at an earlier stage. This treatment wa^ pro- 
Transfer tective, since control animals showed continued tumor 

A retroviral vector which the H-2K S gene was pre- 10 growth and did not survive beyond 35 days, 
pared. CT26 cells were infected with this vector in E. Modulation of the Immune System 
vtao! selected for G41 8 resistance, and analyzed by The response to injection of canonic upids and plas- 
fluorescenceactivated cell sorting (FACS). Transduced mids was determined after injection intravenously into 
CTOcdk Aowed a higher mean fluorescence intensity BALB/c mice (6-12 weeks). In the first extents, a 
S „mnf«*te7cT26 Lis or CT76 infected with dif- 15 gene encoding the H-2K S molecule was mtroduc^ by 
ferent retroviral vectors. When It* CT26 cells which tail vein injection Two to four weeks ^er. ^teen cells 
' H7K 5 were i-i-cted subcutaneously into were harvested and analyzed for their ability to mediate 

fH^l seSed toto Mtigen, no tu- a cytolytic T cell response. When these cells were 
l^^Z^^oT^tZ^^co^ testeTusing »Cr target ceUs (CT26 cells^ingthe 
W Ae immS CT26 (H-2«) tumoY line which rou- 20 H-2KS gene), significant cytoysis ™oi«rvdwW 
Sidy foTedtumonat this dosV The immune response was not seen - -nn^.njec^ w,th the com ^Wec- 
to H-2K* could therefore provide protection against tor, 0-galactosidase (see FIG. 3). Up to 25% of target 
ra6 cells faring this antigen. When CT26 H-2K*and cells were lysed at effector, target ratios of 23 
CT26 were co-inoculated, however, tumor growth was In addition to this specific cytolytic T cell response, 
rf«rv^T suuestfes that H-2K S conferred senstivity 25 serologic or antibody responses to genes encoded by 
observed, suggesung timt coniexreu expression vector plasmids have been examined. When 

^dSE whether protective effects could be ^lasmnid encoding the gp!6C 
achieved by introduction of H-2K* in growing CT26 injected, an antibody response* ^^. u, J^ t ^" s c 
Cors, the recombinant H-2K S reporter or a 0-galac- In contrast to control animals injected w^tiomc 
toridCe gene was introduced into tumors either with a 30 lipids containing *gah«tosidas* mje^ wrth 
or , retroviral vector. Tumor capsules catiomc Upids with gp 160 plasmid showed an antibody 
vT^^Z^^^l^y and ntulti- response to the gpl60 and gp,20 Mform of Unsmc ecule 
irfr needle infections O-J0) delivered to the paren- by Westerm blot analysis (See FIG. ♦). These results 
&£wAbSZmS reporter plasmids, recom- demonstrate that systemic administration of catiomc 
bSln?i££?eodd bTreaday detected after 35 lipid/DNA complexes can be used successfully to u>- 
ST-rJmor 5Sn of DN A^iposime or retroviral duce cdl-mediated and antibody-mediated unmumty 

against foreign pathogens. 

which received intra-tumor injections of the F. Determination of Optimal Transfection Condi- 
H-2K S DNA/liposome comples or H-2K 5 retroviral dons, 
vector the recombinant DNA was detected by PCR in 40 (1) Plasmid Construction 

Stumor ^Toccasioinally in other tissues. When A plasmid containing the £ coh gene under the 
founH me"me? organs, mJevidence of inflammation control of the Rous Sa,coma_ Jrus LTS gSV'fgJ 
or ograntoxidty was detect patholo^^i™- ^^^^L^o^^rZy^ 

^f^^Z^^C^T 45 ^SSSSSl cells. In ^ddUoT. pl^ e-^ 
ATH^bu^-galaSd^ trans- mg the lacZ gene under the con«>. o P«P^^ 
diiced tumors, demonstrated a cytolytic response to to- Shanking DNA <" £ 
H IKS whether delivered by retroviral vectors or hpo- MoL Cell Biol, 10(9), 4854-4804 J™?> wai 

Z< S wL'SSJ fS -tinued to gnfw as the sueptomycin The DNA *^'%g£~gZ 
primary immune response was generated, an attempt P^-th bp J ~»^«™« ^^fserum-free 
was made to ^^SteT^O ]Sffi 65 ^^^ISS » polystyrene tube. 
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dish* at 75% conflucncy or greater. Cells were washed the transection efficiency of the remaining viable cells. 
t^ShZ^^^Uc^ Ringers solu- Lipid concentrations greater than 35 M M reduced the 
S T^Si^^^^S^ same nfedia. The number of viable cells by 50% compared to the unmans- 
S a£~ (0.1 ml) was then added slowly fected control, whereas the optimal c^ccntradon of 07 

E^ffi^lSSte tnixinR with a final volume of 5 ug/ml DNA (13 nM) ande 21 pM of bp.d had no effect 
S H ^. TOs «ulS in DNA concentrations between on cell viability after 5 hours of mcubation 
0 7 and 7 fig/ml (13-130 nM). and lipid concentrations To compare the optimal 

of 7^70 uM Transfection was allowed to proceed for tion in a different cell type, ^^°Z^^t 
1-5 hours, after which the cells were placed in media formed on HeLa cells. In this case, a slightly drrTerent 
supplemented as decribed above. At 24^8 hours after 10 optimal ratio of DNA and lipid were observed. Peak 
affection the enzymatic activity of the R coU j3- transfection efficiencies were obtained at the same lipid 
Kalactosidase protein was used to identify transfected concentration as endothelial cells (21 jig/ml) but varied 
cells by staining with the X-gal chxomagen. Toxicity in lcss with small differences in DNA concentrations, 
vitro was assessed by cytopathic effect or trypan blue DNA concentrations of 1.4-4.2 jig/m] were equally 
«dusk£ 15 effective. Again, when the ratio of DNA to lipid was 

(3) Animal Studies maintained but the concentration of each was decreased 

For intravenous injections, the DNA/bposomes were three-fold, very few cells were transfected, illustrating 
prepared as described for the in vitro transfection stud- ^ ^th the ratio of DNA to lipid and the absolute 
ies in 0.2 ml of serum- free Ml 99 or lactated-Ringers concentration of each component are important in max- 
solution. After 15-20 min of incubation, the mixture was 20 ms ^ xi% the number of transfected cells. If HeLa cells 
diluted to 0.7 ml and 0.1 to 0.2 ml of this dilution was wcre transfected at >80% confluence or greater, there 
then injected immediately into the tail vein of adult, was no toxicity using up to 35 aM of lipid. When cells 
female BALB/c mice. Blood was collected before in- wcrc transfected at a lower saturation density, how- 
iection and 9-11 days following injection, and serum cell viability was reduced dramatically with as 

chemistries were examined. At -2-3 weeks following 25 Uttlc ^ 7 ^ Q f lipid compared to the untransfected 
injection, the liver, kidney, lung, heart, and brain were ^^1 cells. These results demonstrate that the optimal 
extracted for histologic and PCR DNA ampUficaUon for transfection and toxicity may differ 

analysis as described previously. Intratumor injection of somewhat depending on the cell line. 
CT26 cells (Fearon et aL, Cell 60, 397-403, 1990) and Another variable in the preparation of liposomes was 
analysis were also performed according to the previous 30 ^ TOmposition 0 f the solution used to generate corn- 
protocols, plcxcs of the canonic Upids with DNA. Among several 
(4) Results _ . . media solutions analyzed, no substantial dnTerence was 
The optimal conditions for transfection and toxicity ^ ^5^^ efficiency or toxicity with M199, 
of DNA/Uposomes were initially determined in vitro. McCoySf OptiMEM, or RPMI media. A significant 
To obtain maximal transfection without toxicity in ^vi- 35 improvcmcnt m transfection efficiency was observed, 
tro, the ratio of DNA to cationic lipid, the absolute howcvcr( using standard Ringers lactate. The number 
concentration of DNA or lipids, and the conditions itor Qf transfectcd ccUs increased more than 3-fold com* 
mixture of DNA and cationic Upids were studied. The ^ ^ 8^^.^ medium, although prolonged 
cationic lipid preparation was a fan^ «J« incubation (£2 hours) resulted in a loss of cell viability 
compounds, which include dioleoyl phosp^udyletha- 40 » ^ ^ 
nolamine (DOPE) and cholesten-3-/3-ol 3-urethanyl- m some ^ 
N'.N' dimethylethylene diamine (DC-chol). The trans- PUBLICATIONS CITED 
fection efficiencies of this reagent were equal to or ^ Rf|t ^ w Mah l cy , D. L. Fry, ^em- 
greater than those of Lipofectin ® (BRL) in several cell , 119 (1982). 

fines in vitro. Endothelial cells, which are typically 45 *™ ^ T. L. Innerarity, J. N. Weinstein, R. W. 
difficult to transfer and HeLa cells, which can be Arteri ^clerosis 1, 177 (1981); T. J. C Van Ber- 

transfected easily using a variety of techniques, were ^ j ^ ^ F£flS ^ ^ fil (19gl) . j c V oyta. 
examined by transfection in vitro. ' Netland. D. P. Via, E. P. Zetter, J. Cell Biol. 99, 

To determine the optimal conditions for transfection ! • . n9g4> . j M Wilsollt D. E. Johnston, D. M. 
of endothelial cens, the lipid w« ^y^a^«- 50 ■ ^S^SSi^n. Pro. NatL Aca± Sci USA. 
ent concentrations while the DNA concentration was 

held constant Maximal transfection effi price, D. Turner. C Cepko, Proc NatL Acad. Set 
using 0.7 fig/ml DNA (13 nM) and 21 ^M of DO- u %*iM\i6 (1987). 

PE>WholUpid. with a shan. decern thenar 4R. Mann, R.C. Mulligan, D. Baltimore, Cell 33, 
of transfected cells with higher or lower hp.d «mcen- 55 « • £ . I. Roberts. R. C Mulligan, 

trations. Next, the DNA concentration was altered as |» l™"*^ M ^ E ^ W . F. Anderson, 

the lipid concentration remained constant. This analysis CW •«. "»J r^}^ 

£fi a similar sendtivity u, DNA '^f^^.^^n.V^l.S.Vo^m. 
with the number of transfected cells decreasing agmfi- 5. » wetateaub et al.. Circulation 77. 372 (1988); L. 
cantly with increments of DNA concentration as ^low as 60 J^™ 1 ™ j. Lespcrancc, H. E. Al- 

Mt^^rn^h^i^^r^oetmA Schwam. M^ Bourass^ ^ ^ ^ ^ 

to lipid is important for maximum transfection efij- toge. **• Kazun - 

ciency. and that the absolute concentration of each iwwj. Stert2ef> , T. Fallon, 

component is also important in determining the effi- *U „_£ ^5 382 (1981); P. M. Steele. J. H. 
ciency of transfection. An mcrase m DNA and hp.d 65 g^&V^ES&c Res. 57. 105 (1985); J. R. 
concentration beyond the optimal con^trat^n of a 7 Che S ebro : A. w. «anM ^ ^^had. C. R. 

|^^^^aSS5^ V& T , Ryan. D. P. Faxo, Circulation 7, 63, 
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„ „ * ^ „. T n Hfflis. N Engl 3. A kit for treating a disease in a patient in need 

J. Med. 318. 1734 (1988). (i) a ^trf for ^^ ,bl ~ d i 

7. J. Folkman. M. Klagsbnm, Science 235, 442 (1987). ; comprising a main catheter body having a balloon 

S. J. Leibovich. P. J. Polverini. H. Michael Shepard, D. J adapted to being inserted «nto said vessel 

M Wteman. V, Shively, N. Nuseir. Nature 329, 630 « ^ a ^ flSt the wal , s 0 fthe said vesseb 

fl987VJ Folkman. M. KUgsbrun, /V»«« 329, 671 ^ ^ main ^beter body in place in 

/l«m ¥ . said vessel and a means carried by said main cathe- 

8 T Matsumura. T. Yamanka, S. Hashizume, Y Ine, ^ My for de H verin g a physiologically accept- 
K Nitta. Japan. J. Exp. Med. 45. 377 (1975); D. G. S. Mc into said blood vessel; 
^.Xer-S. D. Heinrich. L Kauffer, E. f|i) ^ physiologic^acc^b^on which 
WeU ^fteo-. «. 25a (1980). j , c . may contain an enzyme, mild detergent or up . 

9 £ M ^it^tf/TS ^ mesae for ca^g a cell attached onto the walls 
itTKSraSi Pxes, New York. „ C 2^.^^--^ 
T^K.CMuOigan.^^^^ 

Jun. 28. 1991. now pendmg, and <? /33U ^"£J£ 20 4 according to claim 3. wherein said DNA is 
Mar. 3!, 1989. now abandoned, are mcorporated herein 

bv reference. . . , 5 The kit of claim 3, wherein said solution contains, 

oTXy. numerous rnodifications and varutionsof ^*£2~Z* one member ^«*edfr°» * e 

the present invention are possible m u^>f the above- assa, ^ collagenase. pa- 

g5 otherwise than as specify desenbed ^j^^-fi 

? VSTS* treating a disease in a patient in need *> ^eto oTclaim 3. where* said main catheter body 

^catheter and a physiologically ^ -^^d^^ 

^^S^^orin^onintoablood ^^MaWg. 
C ^^d comprS , main catheter body hav^g „ ^ ^d blood ^^^^^Z 

SS^SlIo «S hoW said main catheter body ^ chamber is situated in between sa,d balloon ele- 

in olace. and means carried by said mam catheter menu. .... MhMeill me ans for deliver- 
foV delivering said solution into said blood «, ^g^^^*^^ 

Cu^hys^^ -y^ByS 3. wherein said formulation com- 

DNA and at least one member ff*£*** J^iSraJ. pU«mid. a liposomal formulation, 

eroun consisting of hepann, poly-L-lysine. poly- pnses ^J^T^Aexwib a polycationic substance. 
SS. oextransulfate. a polycationic material, and 45 ^^^^TSrn^ whereto said formulation is a 

X^SoS" wherein said physiologically liposomal formuUtion. # . # , 
Stable solution further comprises a growth factor. 
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UNTIED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,328,470 Page I of 2 

DATED : July 12, 1994 

INVENTOB(S) : m8abeth G . Nabel et al. 

tt is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 

corrected as shown betaw: 



Column 1: line 25 , "would an asset " 

should read — would be an asset — . 

Column 7: line 17 r "cells though" 

should read —cells through — . 

Column 21: line 39, "DNA/ liposomes comples" 

should read — DNA/ liposomes complex — ; 

line 41, "occasionally" 

should read — occasionally—; 

line 43, "ogran" 

should read — organ — ; 

line 68, "injuection" 

should read — injection — • 



Column 22: line 27, "plasmnid" 

should read — plasmid — 



UNITED STATES PATENT AND TRADEMAMCOFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
DATED 
INVEMTOR(S) 



5.328,470 Pa 8 e 2 ° f 2 



July 12, 1994 
Elizabeth G. Babel et al. 
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Mobilized bone marrow cells repair the infarcts 
heart, .mproving function and survival 

Donald Orlic*. Jan Kakt.,r*t 



Federico Quaini*. 



Attempts ,o repair myocardial inf,^ „ .. ' " aPPr ° Ved JUne 29 ' 2001 for revi, 



, , "UJIUM, I VIM, 

Ifliliii 

animals. These BMC differentia V«l BMC from syngeneic 

myocard* infL. ^i^Z^V^^^^ 

«%. cavitary dilation by 26%. and diastole by 70% E ^io^ 

ZdT^ lntreaSed and h.»«odyn.n,lc, s^nift^ ° 
proved as a consequence of the formation of 15 x 10«n e w m^„i 

:ni«:r d o,es t and capii,aries connerted ^^ztx 

unaffected ventricle. In conclusion, mobllfcation of primitive BMC bv 
cytokines rmght offer a noninvasive therapeutic strategy the 
reger.erat.on of the myocardium lost as a result of ischemic heart 
disease and. perhaps, other forms of cardiac pathology 

Cudden occlusion of a major coronary artery and acute 
Jmyocard.al .schemia lead to rapid death of myocyte ( M a " d 

Despite the demonstration that a subpopulation of cardhc 

nu ^l" ab ! e '° replica,e and new v « sel " •« ""S 

£s , ? T ' S r "' riC,ed lo the viable myocardium. The 

™J.tw ,° ' a ' ,d ca P illarics ^ 'he infarcted area is 
; h reSUl " n8 W " h " me in thc formation of scarred 
i issue, r-or this reason, most experimental and clinical theranfes 
ave mainly focused on limiting infarct size. Attempts to replac" 
.he necro ic zone of the heart by transplanting cardiomS'S 
or skeletal myoh asts (3-7), although successful in the 2l°Z o( 
n any of ,he grafted cells, have invariably failed to reconSe 

nd !r; dlU 7 " d C0rOnar y integrated s.ru ur . J 

.md functionally Wl , h the spared ventricular wall V 
The recognilion that stem cells, particularly those from the 
bone marrow have the capacity ,o colonize diffcren ™Su« 
proliferate and transdifferent.n.e into cell lineages of the hos.' 

, I 9)> prom P ,ed us ''" a " easier study (10) to inject Lin~ 

c-A^os , marrow ce)|s (BMC) jn com / actj J m 

dium bordering acute infarcts. Surprisingly, the implanted BMC 
hffcrcntia.ed into M and coronary vessels ameliorating the 
function of the mjured hear. (JO). This approach, however 
requ.red a surgical intervention that was accompanied by hi E h 
mortality and a grafting success rate of 40%. Therefore the 
iclenhfication and utilization of a noninvasive method would be 
highly desuahle. Two main determinant seem to be critical for 
colonization and transdifferentiation of BMC into a variety of 

10344-10349 | PNAS | August 28. 2001 | vol.98 | no. 18 



'iew April 1|. 2001) 

cenr(8;9?iri 2 ton e ,hi a ,h d • ^ m "" bu ' of ' :ireu,ali ^ «™ 
numbe o BMC mobi izeTi h "° th ™™« »>a< a sufficient 
granulocye-coTony-S' la l?t^ ( ^F£ ^i"" 

Materials and Methods 

mjwctcu s,c. with recombinant rai srp ->,,ri i% 
recombinant human G-CSF SoVp A-u/h f? ^Ag/day, and 
once a day for 5 days (n ! i<n tf^' Z (AmgUn Blolo S^als). 

Bd^ mi nndM M H arCa S " aVed and ,w °- dimensional 
^U) images and M-mode tracings were recorded from the 
parasternal short axis view at ,hc level of papillary muse e Fr! 

were obtd ned (J 7). Ejection fraction (EF) was derived from I V 

LVSA)/LVDA] x 100, where LVDA and I.VSA correspond ,o 
LV areas in diastole and in systole. Mice were anes hS wi 
chloral hydrate (400 mg/kg body weight, i. P .). and „ micro 
pressure transducer (SPR-671; Millar I^sirumems Ho 3 

w*z:{%Tt6y n<i and - dPM in ,he cto -* eh « 

men!!' 2'*°^ 'I*'" Af,Cr ^mody™™ measure- 
ments, the abdominal aorta was cannulatcd. thc heart w,s 
arres.ed in diastole with CdCI 2 . and thc myocardium w , e 
ftrsed w„h 10% (v 0 ,/vo.) formalin. The LV chamber JaXd 
with hxafvc at a pressure equal to the „, viv „ measured 



Thh paper was submined direoly fTwtk ll) to Ihc PNAS offic.,. 
Abbrevialions: BMC, bone marrow cells: SCf slcm call farto,- r r<« . 

..imu, itina (4CI0 , lv . Ie(t vent , icle . ec; tn -: t zT:x zxutz 

~n: aC ' ,0n; ■—-'-'«•* LVFW - ™ »a„; M. m , MrCl". 

•To whom ,ep,inl reouesls should be addressed. E mnil: picr.,.,nv,„a«,„ ym( C du 

InWetusVih.' 0 ,' 1 ' "J'* W " C e - U ^ in b > •»«■ "-J" nn—. th. 
tmc .T. T 1 ° h ':° bV •«*"»■•""*«"• »■ a, CO ,dan,c w.,h .8 i, s ( 

* 1 7.11 tolely to indicate Ihi. fiict. L 

www.pnas.0r9/cgi/d0r/ 10. 1073/pnas. 1B1 1 77898 



encl-diastolic pressure (15. 16) The I v in, 
measured, and three iransverse'Jr,. f '"'"cavitary axis was 
and apex were embedded paiZ ThT ,h ^ bMe ! mi < 1 ^. 
10 measure LV thickness H, ^ "»*«ction was used 
•6). Infarct size was dete mined bv a " d V °' Ume < 15 . 

«•* W. ventricular free -™ aVFW; re^.Tg^ f ™ 

Newly Formed M. The volume of rc-enerntn. 
determined by measuring in each of thr 8 myocard,unl 
occupied by the restored L„e nnrf SeC "° nS ,he area 

product of these two var ables v Hde ri fh SeC, ,' 0n ' hickness ' Th «= 
i« each section. Values ^he7h r '^,, V °' Ume ° f tissue re P ai ' 
•oial volume of formed mvoLrdmm J k WCrC added ' and lhe 
rl« volume of 400 M waTS?^" " , * , 1 ? ,ned - Additionally, 
•stained with desmini an S " Ah '" ^ he3rt - Sections we "= 
Only longitudinally "21 ed «|f win, ^TnT iodide ^ 
™*inc\u<M.Thilt"«to^£™" h central| y ,0 «led nuclei 
collected in each M to commit ~n ' Cr , across ,hc ' luc '^ were 
drica. shape (18, 19) M w C re ; ^T*' aSSUmi " g 3 c >" in - 
of M in each class was eafcula ed £ a " d the " Unlber 

class volume and average ce volume (20 iVtT ° f M 
arteriole and capillarv D rofil« „, •, ( ' V' The num ber of 
measured as deicrB^ ^ ° f m y° car *""' *»s 

Ah. u M s^ss'jr, : c o ubmed with , Brdurd ° r ™ 

myosin, endothelia cc |ir?EO ll C monocl ? na " a nti-cardiac 

recognized wiih a mousr mrm^i, bC e ce,ls (SMC) were 

3.0%; EC = 2.465; SMC = J.404 ' ' Kl6? WCre M = 

PC cy=m C,ln ' ^^.^S 

cyoplasm, flk-1 and „-smoo,h" ulc.e aSn Ab J f 0 " 2 « ^ 
was detected by a mixture of collagen type", t£ Jcar 



A ioo 

50 



£ CO 




9 ' 2 '5 '8 2 , „ 
Uays Posi-mi 



Fig. 




computed with a log-rank test. P < 0 05 waisJnSanl " 
Results 

ni ^'rS'di? increas v hc probabnit y ° f « w * "om 2; 

fracon of similar cells present in the bone marrow (13 14) We 
have documented previously that the cytokine treatment used 
here promotes a marked increase of Lin - c-Ui^ oM, n ' he 
bone marrow and a redistribution of these cells from .1 e bo, e 
marrow ,o the peripheral blood. This protocol lead °o a 250 fold 
increase .n U,r **/,«» cells in the circulation (13 , 4) " 

In the current study. BMC mobilization by SCF and G-CSF 
«u ted in a dramatic increase in survival of infarcted Zct- with 
cytokine treatment, 73% of mice (11 of 15) survived 27 
whereas mortality was very high in untreated Warcted mice (Ffe 
lar G e number of animals in this group died from 3 to fi da£ 



^^^"t^^T"*"- iA) c ^'— «« - 

0.0001. (8) Large infa'rrt fM» n f " = " ; lo 9 rank '«'• * < 

dium (a rownead ) a h one r m Cyt ° k,ne,rea "* forming myocar 

ring a, higne, ffi^^ ^l* «•"«-»•*»■ *««• 

green - propidium iodide (P ) .ibeTnJ Tof nuli m card, « "'l' 0 ""- vcllow 
types . and Ml. (B and C. x 2 0; ^er, xao , blue -'"*9*n,a - coltagm 

after MI and only 17% (9 of 52) reached 27 days (/> < 0 00M Mi,- 

' Zatl ° f n P™ 10 ' 6 " ^"dial regeneration in 

*r f mfarctcd mice, killed 27 days after surscry (Fii: 

^ c ^ C H rd ^ lgr ° Wth Wi " ,in lhc inf »«« *«« "l^oseen n he 4 
mice that d.ed prematurely at day 6 („ - 2) and at d " " lit" ■■■ 
2) Card.ac repa, r was characterised by a band of new y f, Z ed 
myocardium occupying most of the damaged area The devel 
oping tissue extended from the border zone to the inlide t he 

waineveTote^ 

parent TFif lo r e ,'' n8 W,,h SCi " to »»»'-'on was „ p . 
parent I g. 1C). Conversely, only small areas of ,nll„, „ 
accumulation were detected in treated mice. 8 
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BMC Mobilization Partially Restored Myocardial Mass. To quantify 
[he contribution of the developing band to the ventricular mass, we 
(i si determined the volume of the LVFW (weight divided by 1 06 
g/ml) in each group of mice. These data were 56 ± 2 mm- 1 in SO 
62 - A mm 1 (viable FW = 41 ±3; infarcted FW = 21 ± 4} in 
infarcted nonlreated animals, and 56 ± 9 mm- 1 (viable FW = 37 * 
S; infarcted FW - 19 £ 5) in infarcted cytokine-treated mice. These 
values were compared with the expected values of spared and lost 
myocardium at 27 days, given the size of the infarct in the non- 
\™ ,« d ^^^ne-treated animals. From the volume of the 
LVFW (56 mm 3 ) m SO and infarct size in nontreated (62%) and 
ireated (64%) mice, it was possible to calculate the volume of 
myocardium destined to remain (nontreated = 21 mm- 1 ; treated = 
20 mm-) and destined to be lost (nontreated - 35 mm 3 ; treated = 
36 mm - ) 27 days after coronary occlusion (Fig. 2A). The volume of 
newly formed myocardium was detected exclusively in cytokine- 
treated mice and found to be 14 mm 3 (Fig. 2A). Thus, the repair 
^ d I ?^ UCCd , mfarct siz * from (36 mm-V56 mm 3 = 64%) to 
39% [(36 mm -14 mm 3 )/56 mm- 1 = 39%]. Because the spared 
portion of the LVFW at 27 days was 41 and 37 mm- 1 in nontreated 
and treated rmce (see above), the remaining myocardium, shown in 
Fig. 2,4, underwent 95% (P < 0.001) and 85% (P < 0 001) 
hypertrophy respectively. Consistently, M cell volume increased 
94% and 77% (Fig. 25). 

Myocardial Regeneration Is Characterized by Dividing Myocytes and 
Forming Vascular Structures. Ki67 and BrdUrd were used to 
evaluate the growth stage of the cells in the regenerating band 



Fig. 2 Myocardial regeneration. (A) Remaining viable (Re) 
lost (Lo), and newly formed (Fo) myocardium in IV^W ai 7.1 
days in Ml and Mt-C; SO, myocardium without infarct. £fl) 
Cellular hypertrophy in spared myocardium. (Q M. EC, and 
SMC labeled by BrdUrd and Ki67; n « 1 1 . . and • • P < o 05 vs 

UI.t a -K f c * { Z an , d 0 Vo,ume ' nurnber (n = c, *» 

d.str.but.on (bucket size, 100 pirn 3 ; r.< » 4,400) of M within the 
formed myocardium. (F-H) Arterioles with TER.|19-labcled 
erythrocyte membrane (green fluorescence); blue fluores- 
cence - propidium iodide (PI) staining of nuclei; red fluores- 
cence = a-smooth muscle actin in SMC. F, x800 G and h 
x 1,200. 

pmaq 6 A Z D \ W ^ h £ P ub,ished as supplemental data on the 
PNAS web site). BrdUrd was injected daily between days l4-">n 
to measure the cumulative extent of cell proliferation while Ki67 
was assayed to determine the number of cycling cells at the time 
of death. K.67 identifies cells in G„ S, G 2 , prophase, and 
metapnase, decreasing in anaphase and telophase (10) The 
percentages of BrdUrd- and Ki67-positiv e M were 1 6- and 
1.4-fold higher than EC, and 2.8- and 2.2-fokl higher than SMC 
respectively (Fig. 2C). The forming myocardium occupied 76 * 
11 /o of the infarct; M constituted 61 ± 12%, new vessels P * 
5%, and other components 3 ± 2%. The band contained is x 
10 regenerating M that were in an active growing phase and had 
a wide size distribution (Fig. 2 D and E). EC and SMC growth 
resulted in the formation of 15 ± 5 arterioles and 348 ± 82 
capillaries per mm 2 of new myocardium. Thick wall aricriolei 
with several layers of SMC and luminal diameters of 10-10 Mm 
represented vessels in early differentiation. At limes, incomplete 
perfusion of the coronary branches within the repairing myo- 
cardium during the fixation procedure led to arterioles and 
capillaries containing erythrocytes (Fig. 2 F-H). This observa- 
tion provided evidence that the new vessels were functionally 
competent and connected with the coronary circulation. There- 
fore, tissue repair reduced infarct size and M growth exceeded 
angtogenesis; muscle mass replacement was the prevailing fea- 
ture of the infarcted heart. 

Five cytoplasmic proteins were identified to establish ihc suite 
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Of I ir et 




«'*«™^ln(*^Q.|o«d£)VrC^fl 9n,en>; f,uo ^«e„ce » 
of EC by llk-1 (arrow,. 0) and VE< a dhZ ^ " CenCe,eflect,labeli "9 
facto, vl.t in EClOand O <n Gr..„ /i ' ° W5 - 0; red f, "°'««nco = 

^ smooth muscle octin; blue fluorescenrp 1 1 florescence = 

nuclei. tA and , x ,200; B andT^; "c, »^ ^.aSST ' abe ' in9 °' 



ofdifferentiationof M(10 74 25V n,.ci,„ ,1 
acin, cardiac myosin, and connexin 4^ flp« ™°™ric 
individual cells scattered acVoS f ~ u" W8S rec °g ni "d in 
•His exception. aI1 

comeric acttn. cardiac myosin, and connexi? 43 (pfo lr\ tu 
transcription factors implicated in th* J;*.- 1 * 8 : Three 

nvarkers. were presem in ,„„ ^,^,™JS iB 2 J ;) ^ d JC 

sM B cd in^ sj^^rr r promotes mi « raii ° n - ; 

populations, resulting in de novo myocardium. 
Myocardial Repair Improved Anatomical r.».j.h 

< astolic diameters (LVe'dD) inc^id'Tn^^S 

inan in cytoktne-treated mice at Q i* " omreated 

° mice V 'S- 8 c <™d D). Anatomically, the wall borderim. 
and rc m? ,e from infarction was 26% and 22% thicke in 
cytokine-injected mice (Fig. 8 E) BMC inHnr.H » , 
Ju. «» higher wa„ tnickrfess t^fam^S T 0 '[^t 
Additionally, nssue regeneration decreased the expan fo„ in 

cav llarydiarne , cr{ _ ]4%) l0 na| ax ( _ 5% f x P ans, °'; 

O. and chamber volume (-26%; Fig. 4B). rmportan.ly ven 
...cular mass lo chamber volume ratio was 36% higher Rea?* 
an.m.l, hg. AC). Therefore, BMC mobilization thai ec | to 
proliferate and differentiation of a new population of M and 

Or lit e( a/. 



helTnSrntfmcoydL^ir'^'r of ii,f — - 

ventricular performanc^EF wa^8 ^ ^P 1 "^ '"-Prove,, 
treated than in nontreated mTc e a \ 62 :™d higher in 

coronary occlusion, respectively (f ! 4 D '\ and 26 
cytokines, contractile function delelnl ?' " 1 m,Ce ex P 0SRj 
arcied region of the wall Rmew^ !T C 
LV end-diastolic pressure fLVPnpV 6 8 "~ P) inversely, 
nontrea.ed mice. The changed Kv""'?^ 76% more f « 
shown), developed pressure 7r VDP) L * I* 0116 , PreSS " rc <»"' 
also more severe in the absence of cvmt "" d " d,Vdl wcrc 
A r D which is published as su^T C m Cn T,M ^ '^r 6 '" 9 
Mt). Additionally, the incre?« !n hi . r " on ,hc PN *S web 
bordering and remote from inhrc.i^ ^ in ,hc *™ 

cytokine-treated mice (fiMW Th r WfiS 69 " 7:,% '" 
infarct repair restored a noilSblc le^f Cy,0kine - met,ii '' fd 
regenerating myocardium decrcnsino ri , ; F. omrfflc »«' the 
increasing ventricular performance 8 " C W "" S,r " s 



Discussion 

into the circulation and, prcsumaWv ' M "°" ufBMC 
infarced portion of the hear.Ted & a ' ^„ :'„""* OCiUio " 
myocardial repair. Tissue ren^ ZL, s, 8 n,ficilnl magnitude of 
cells and vascular structure? Thif , con 'P"««i parenchymal 
accompanied by a drann ifc^ri. ana,om,cal r«'ora.io„ was 
remarkable t^Z *S™to£r¥° Sl ' Ml nml » 

degree of anatom,^ "n^^Jf^^ S,,ch ;1 "ifi" 

previously by local transp.^aMo^ ^ Lh f- <S^^' S ^T" 
border zone of an acute infarct (1(Y\ uZ„ , ccl,s ,n, ° lhc 
and injection of foreign £lb fiJl' ?S' "S 0 " 0 ' 6 
complexity of the Droloml ,Z , r rec l u,Iutt ' Because of the 
approach was Sly P !S% i£ S 'XT* '" is 
"he availability of synoet eic do m •! P ,oted "re required 

planted cells In cont ras <lT '"c wurce of the trans- 

succeeded in all cases e „ nin . '" e,nod «>to fi y described here 
thoracic L ge y and m«, • m0rlali,y and morbidi 'y of 

foreign ce luTwTth .?« riskS ^""P 0 "™")'. <>»™.ed the „ s / of 
the activat on of a „ t l ^ °" ° f infeCtious a * c ™ 
generation of true nUTdiun S reaC "'°"- 0bwiou ^ "«= 
to the use of skeleuTmyobias^ VC f C ' S is SUperior 

acnnireH . " ° yS after ""planiai on (10) and it 
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Pig. 4. Ml, cardiac anatomy, and function M-n t w ^i™- * 

cytokine-treated infarcted <M -C n J 1 m FP h LV K d,me ™° n * at time of death, 27 days after surgery- SO (n = g\ nnnt 

and Miff* aa\ is T ^ echocardiography (SO, n » 9- Ml n « 9 - an H mi r m nontreat ed infarcted (Ml, n * g) and 



.c icm.mphcs .hat ex.racellularmmrixsupporhng parenchymal 
cell* and coronary vessels had ,o be formed. AddifionaKa 
formation was minimal in the treated animals but this do« no 

Z lt r n ^ 0n tha * er ° UpS ° f «"yo«brobla.tt were pre°en 
the edges of the regenerating tissue. 

The long-term unfavorable outcome of the infarcted heart is 
dwcily related to the initial infarct size that determines he 
degree of impaired pump function and the magnitude of dilation 

cuteTv /,: nr "r 8 (31 ' 32) - ThC Cha " eeS cardiac 
acutely after infarction. ,n combination with elevated filling 

pressure and decreased systolic pressure, induce large increases 

■ n diastolic stress and modest increases in systolic stress (18 Vl) 

Ihese struciural-functional modifications promote chronic" re- 

modeling and the evolution of the myopathy to terminal failure 

' Jl »- »" or ™i'on of new myocardium within the infarct 

attenuated the anatomical alterations, led to chronic increases in 

10348 | wvw.pnai.org/cgi/doi/10.1073/pnas.18M77898 



EF, and reduced the abnormalities in cavitary pressure cm, 
traculuy. and loading. Longer interval after homing™ uvj 

Desp.te thesuccess of the protocol used here, there arc m.es.ions 
that we are currently addressing. Administration of SCF and G-CSF 
mobilizes pluripotem Lin' c-faV™ cells from the bone marYow „, 
the peripheral blood (13). The number of circulating Lin - c ™ » 
cells increased 250-fold. Donor BMC injected intravenously home 

k° 3 r 0r8anS i,,Cludi " 8 "' VCr (S > antJ skclelal mxaOo (33) 
Because of previous results with Lin - c-h,™ cells (10). we pro )Jc 
that Lw c-to-os cel|s are mpQmibu . {Qr * Q = 

results do nol provide unambJguous inform . 1tion abou( h £ . 
the cells reconstituting the myocardium. I, could be argued that 
cytokine treatment mobilized bone marrow stem cell, and reside 

nn,f H m k"* 1 Wl " Ch t0gC ' hCr P" nki P»^ in -W regent th 
(.on. Wc have begun gene-marking studies in a„ effort to document 



Orlic et *l 



BN ?.f- fr ° m s y"g="='c sex-mismatched donors 

he efficacy of cytokine treatment starting 5 davs befW mi 
followed by 3 more days postcoronary occlusion ra£ the 
H V™« C k °l' effeC,,Ve the ™ P cu,ii [window Addh ona W 

randomly throughout the organisnl Talf on^those in ^e dam' 

rapidly prolifcra,c a,,d ,ra " sdi °* r ° ™< 

former possib.hly is more attractive and supported by the anid 
induction of SCF in a number of tissues, including the myoCr 
(iium (34), in response to injury (34-371 SPFrni^ i, m y° car - 
f'<f°-igra<io!,^^ 

BMC in the tnfarcted zone where they acquire the heart Zlcit 
phenotype reaching functional competence 

In conclusion, BMC injected or mobilized to the damped 
myocardium behave as cardiac stem cells, giving rise To m 
endothelial cells, and smooth muscle cells. Such bf h vfor is S 
longer surpnsmg given the remarkable plasticity of aduh bone 
marrow stem cells (8-12, 30). New evidence offers dues as ?o 
some of the biochemical pathways implicated in this Iran'di* 
fcrentianon. The interplay between the signal tran duction 
pa hways of bone morphogenetic proteins anoMhe wCfiy of 
genes ,s respons.ble for the expression of lineage-deterring 
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genes that condition whether a mcsnHrrmo, 

becomes a blood eel! or a cardi c K , P n C " CC " 

opment, the differentiation into a M o! [ t^ 1 ^ M 

opposing and mutually exlsive choice TkTcT^ C ° an 

by the nature of the cell secim fn Z 1°™' cs,abl, s»«cd 

environment 

have proven to be difficult to elucidnr,- ;„ K Cnviromne »<'>> cues 
Surprisingly. „ shown'S antp S o , \ TnT^U^ 

ToKh^'r' 31 ^ clin , icaiiy usefui 

r-r^i he a PP roach Presented here might brim; .two- 

cardial regeneration closer to clinical reality and might .™o offer 
the opportune to uncover the molecular mechanhnVs tavSJcJ 
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. hanol) ■„ thep^cna or, unifonn field of buBnone (1.2 »\ pj 10 -ml pb.c Und" 
hc,c ™,d,,,„n, more .h,„ 95% 0 fwild. ly pe anhnnl* prefer b.Ldd^A,Smi££, 
u„m U a cd a , .he d.nr.ety source were removed „,d re.c.cd under .home condition 
. rep« .hccnnch.nen, Ammal., ,l„, preferred diaceryl rhree cimes were isola.ed.and 
,l.c,r ., broods were 6 ,»e„ a cho.ee berweer, bentaldehydc and diaceryl in .he absence of a 
.nuforn, cu,,cen.ra.,on of bu.anone. M„,„«s «ha, could che,no.« ,o benzaldehyde unde 
<hc« • condmon. were ,.,cd. Twen.y-Kven mu.a.m exhibi.ed di.crimina.ion defee, ,h 
could also be repl.ca.ed w,,hou. .he diaceryl eou.uer.nract.nt. Mu.ams were backcro«ed 
twice io w.M-lYpc animals. 

Genetic mapping of ky542 

Wc mapped kyS<2 to chromosome II by observing segregation of the discrimination 
phenorype -way -from the dotrn™. marker sqt-l($cl) (7/7 isolates). Subsequent ma ppi„ B 

performed by foiling segregation of the discrimination phenotype with Wlc 
..ucteot.de pclymorph.sms (SNPO between the wild-.ypc N2 and CB4856 strains P 
progeny of kyM k CB4856 crosses were isolated, and population, were generated from 
each ,«.l«e. hach populat.on was tested for butanone/henz^ldehyde discrimination 
I opulanons thai were homozygous mutant and those that were homozygous wild type 
T rC '^ w C ^ hcr " s P»P» ,a ^^ speared to be heterozygous were discarded We 
.».lited DNA from each population, and scored SNPs by polymerase chain reaction 

I IT" .7 y r " triction - c ^y"« dig«iion. Using 33 populations, wc found 
iha t tr** mapped between SNPs located on cosmid COIFI (chromosome II, position 
— 1.0 and cosmtd C34P1 (chromosome II. positron 

Laser ablations 

AWC neurnm were ablated in a wild-type strain thai contained an integrated str-2 -GFP 
..porter ikyhHO) al lhc LI or L2 larval stage". The AWC neuron was identified by i,s 
ch.uactenst.c postlton or by the use of the itr . 2 ::CFI> marker, and then laser irradiated. 
Ahlai.on was confirmed for AWC ON .ablated animals by looking for m-2-:GFP expres- 
sion after all assay, had been performed. Single-anima! assays were performed on gravid 
adults as early as the second day after ablation and as late as the fourth day Wc assayed 
lhc same ammals on two or three consecutive days. As many as three consecutive 
olfactory assays were performed in a single day. p or discrimination assays, in which 
animals were challenged with the same attractant in the presence and absence of 
saturaimg odour, animals were allowed to recover between tests for I h on a fresh plate 
w.th no odours. The order of the assays was randomized on different days. Single-animal 
assay pla.es were poured 1 day before the assays and allowed to air dry for I h before the 
assays. 
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Myocardial infarction leads to loss of tissue and impairment, of 
cardiac performance. The remaining myocytes are unable io 
reconstitute the necrotic tissue, and the post-infarctcd heart 
deteriorates with time 1 . Injury to a target organ is sensed by 
distant stem cells, which migrate to the site of damage and 
undergo alternate stem cell differentiation 1 '*; these events pro- 
mote structural and functional repair 4 " 8 . This high degree of stem 
cell plasticity prompted us to test whether dead myocardium 
could be restored by transplanting bone marrow cells in infarcted 
mice. We sorted lineage- negative (Lin") bone marrow cells from 
transgenic mice expressing enhanced green fluorescent protein 9 
by fluorescence-activated cell sorting on the basis of c-kit 
expression 10 . Shortly after coronary ligation, Lin" c-W f)S cells 
were injected in the contracting wall bordering the infarct. Here 
we report that newly formed myocardium occupied 68% of the 
infarcted portion of the ventricle 9 days £.ftcr transplanting the 
bone marrow cells. The developing tissue comprised proliferating 
myocytes and vascular structures. Our studies indicate that locally 
delivered bone marrow cells can generate tie novo myocardium, 
ameliorating the outcome of coronary artery disease. 

Injection of male Lin~c-*ir POS bone marrow cells (sec Supple- 
mentary Information) in the peri -infarcted left ventricle of female 
mice resulted in myocardial regeneration. Repair was obtained in 1 2 
out of 30 mice (40%). Failure to reconstitute infarcts was attributed 
to the difficulty of transplanting cells into tissue contracting at 600 
beats per minute. However, an immunological reaction to the 
histocompatibility antigen on the Y chromosome of the donor 
bone marrow cells could account for the lack of repair in some of the 
female recipients. Closely packed myocytes occupied 68 ± 1 1% of 
the infarcted region and extended from the anterior lo the posterior 
aspect of the ventricle (Fig. la-cl). The fraction of endocardial and 
epicardial circumference delimiting the infarcted area'" did not 
differ in untreated mice, 78 ± 18% (n = 8), or in mice treated 
with Lin"c-^ os cells, 75 ± H% (n = 12), or Liirc-br N,:c cell.s. 
75 ± 15% (n =11 ). New myocytes were not found in mice injected 
with Lin"c-fci/ NEG cclis (Fig. le). 
The origin of the cells in the forming myocardium was deter- 
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; presence of V chromosome fSunnl, V Inform ««°n) and the 

i r,,ic Ied lo c t a,io4 EGFp 

J ™"«ed ,o the nuclei of new cardiac cell" FGFP ™7vT 
some were not delected in the survivin d Y chron '°- 

EGI--P expression was combing w"^^?'!.^ Wntride - 
! specific for myocyte,, endothelial cell a H ° f pro,ein * 

j This allowed us to .identify e ch Lft u mUsde Cells " 

' endothelial and «moo th 2 «, ?' ' and ( ° reco 8» i: * 

' < F* see also S^^ ? IZ^^^Y 
new myocytes, endothelial celk ,„,i . ? )- Th? P er «ntagc of 
EGFP was 53 ± 9% i^U^^^^ ~P-sin B 
respectively. These values w«7 1 d 49 i 7% ( " » 7 >- 

.ra.«pl a „,ed Lin^« bone m , ™u W '' th * he fri,Ctio " of 

endothelial cells and smooth i „ 1 6) of myocytes, 
hear, of donor .ransgen^te * Ce " S EGFP in < h < 

To confirm that newly f„ rmed m ^ ^ 



cells aiming at functional compete...-,- . 

-he myocyte enhancer factor 2 R, W *« 3m »'«« "P—,, ,„ 
•enption factor GATA-4 and the early m-, ipcci,it " ' r:w ' 

ment Csx/Nkx2.5. In the heart MFP " ° m >' OC) ' ,c ' ,W *'»P- 
GATA-4 to activate synergiSv^ |,r °' e,nS are '^'^ -v 







Figure 2 Myocardial infarct injecled with LiVc-A/ 1 * roll* „,„n,,„i- 

Irom endocardium (EN) l0 epirardinm rFP - rrl , m ^- lrtlllim « regeneiaftig 






; F.91OT 1 Bone marrow calls and myocardial regeneration, a. Myocardial infarct (Ml) 
.n, fi c,ed war, L ,n- c-Mf a* (r 0 m done marrow (arrows). Arrowheads hdSe 

c d. Lo* and man magntafons of Ml injected will, LinT,*/" cells, e. Ml injected with 
L.n c aw™ cells; only healing is apparent. Asterisk indicates necrotic myocytes Red 
~ myosin g,een. propidit.m iodide labelling of nuc.ei. Origina. magnilica.ion, x ,2 



Ftgure 3 Regenerahng myocardium in myocardial i„f a , cl i, jecled lvi|| , Lin - ^ 
a. EGFP (green); b. smooth musdo u-ac.in in arterioles (red): c con.binal on 1 EGPP 
andsmoommuscle a-aclin (yel.ow-red). andpropidium ioditie (P«»^,S , 

en'S^ 

mpp r » M5 lal,e " in9 (9rcen): '■ ca,(liilc l-ed). and comtftia on > . 
ME 2 or Csx/^.5 with P, r, fi g h , (luorcsccnce in Original nagnili a. " 
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myocyte differentiation' 2 In the rennet;. *• »- 

To characterize further the properties of th«. 
de.ermine<i the expression of K We 



growth (Supplementary In form at on) Prnlffi • r 8 ' c,,vc 

whs 93% (P< 0.001) and 60% (F >< n 00 > I T °J my ° Cy ' eS 
endothelial cells, and 225% (P < n nfll J *" ° f 

higher than, ha, of smoothlu^e ceT w£ ™ ( ^°° 01) 

«nd Ki67, respectively (Brd™, yocyS 36 * Tu ^ , BrdU 

BrdU-posiiive cells expressed EGFP. ° r 
Cell differentiation caused a loss of c-kit surface receptors We 
observed only two undifferentiated cells showing c-ku l the cdl 




Figure 4 Myocardial repair and connexin 43. a, Border zone; b-d regenerating 
myocardium. Shown are connexin 43 (yellow -green; arrows indicate contacts ber 
myocytes) ana a -sarcomere aclin (red), and Pl-slained nuclei (blue) Original 
i uiagnilication. xfjOO (a), x800 (b-d). 



band. They ex^s se7£^ X^^'" ^ 
tran Sp , anl (Supplementary InrormnUon" " **" °"* [ " "™ ,hl> 

dynamic P-"-^^^^^ 
•njected or injected with I in\--b>""C n? n,m - 
comparison with sham-opera ed mice Z r'^ , «"»•»'"«'■ '» 
ited indices of cardiac failure (Fiu £\ , C ' Cd B rou P* 
c-*./° s ce..s. left ventricu a , V B ei ^dKs,oi;c e ,rMled 7" Li "" 
was 36% lower, and developed pr ",T lr 7 ^0^'"* Z^™ 1 '' 
LV - dP/df were 32% 40% ind M S LV + dWd ' i,nd 

Locally transplanted Lin^c i/^ h 8 ' rCSpeC,ivd y- 

and differentiation within the necro, :■> , ,™ f ,1 ' p,o,,rcri, " 0 » 

myocard.um m Wv 0 , replacing dead tissue S ,Cr '" t ! 

brane. ! hese pr.m.fve cells migrate during fetal development ■ 




- "■»■ •-»■ uNib. regenerating myocytes 

S own are carta myosin (red), and propidium-iodido-larjcllfid n lJC lCi WJnw-grm,) 
Original magnification, x 1 .000 (a); x 700 (b). 
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homing to the yolk sac and liver JWk r , 

for m«cngcr RNA encoding s em c J f ^V*"* are P«*ve 
<-*»". l« « thought that Te^ 

migration of HSC and o^her n U " d SCF medi *tes the 

organs- The fetal and neon ta J ^ t0 thd ' '«£ 

transcripts" and, although "u" „? t ^ f ° r S ^ 

generate SCF, the c-kiJcF ^^^J^^ adu " heart cells 
which, in our conditions, trans^ by 
from the site of injection ^ ^ migrated 

When a stem cell divide ? ,n 5 arct ? d myocardium, 
-y maintain stem" cel^r S pe TJ^SS ^ *> m * 
' h «' triply much more rapidS hanJ n 'j*'" 1 "** cells" 
cells in these transplants £rt^*/S? * ^ ^-Wf^ 

heart: myocytes constituted thTor^ ^ CeI1 ^ of the 
growth component ofther^^r mnt ^ m ° St active 
and smooth muscIe ceIls ^'^^^umi endothelial 

fractions of the developing^ L ou?T m8 ^ Wre SmaUer 
S SL,C - ° l,r observations are difficult 




I 12.000 



I 7 



o.ooo 



4,000 




12.000r 



'» 8.000 



4,000 ■ 



LV-<iP/d/ 



so Ml Ml + BM 
b Transplanted cells 




(nfarcted myocardium 
Unknown molecular signal(s) 



Cell migration to damaged area 

Proliferation and 
differentiation 



Cytoplasmic proteins 
Cardiac myosin 
a -Sarcomere actin 
Connexin 43 



Nuclear proteins 

Csx/Nkx2.5 
MEF2 
GATA-4 




no-Hn«d, am) , jnjecM ^ , ,. c .^ (MI+BM, , tg, 2* a 7e 
c W cell AHerentato, ,n cardiac muscle and lunctional implications. 
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successful transplantation in that stu d 5' ' k-T W8S ,et ' uired <<" 
results. Cryo-injury has no human 1^ ' H C ° mras,s with our 
unusual damage with an in, act i?™^ " »"«,■„„„ an 
why only a few endothelia «3S T\ ! lation - ™* m.v he- 

culture system" and smooth Z^7 e T^ ''"^ * ,he 
vananee with our data is the fee 'that th, dCtCC ' cd Al *° 

deathsanZe^ y^S^^ of* cardiov 3scl ,„. 
findings have provided compcll \Z Z ^ T (a ' kne - The <"™«< ' 
relevant indications for hum a !Z * ' «°r ' W ™ ch ', 
bone marrow cells promoted «. r « r? y e,,Ve ' ed P ri,,,iliv « : ' 
myocardial infarcts Jer ^TcLlZ "I ." ca,r » c '« of large , ! 
Thi* therapeutic interve^on r J u U . d « n * «» *".h. 
^proved cardiac haemodynamicT "X,*^ »»d ! 

nam of morbidity and mortality Is ma 2 ? * ™ ° r delern,i - 
or more of the left ventric 7 \l mfarcts a,fecIi "8 10% 

intractable cardiogenic S or Z?™ n ! e jointed w ith ! 
congestive heart failure' l n t Z °' ^ ' at>,d development ,,f | 
hns been a lU y depend^, 1 ^ f ~ 

"nfarcted portion of the ventr.VI, w hc remaill '»R non- 

infcrcted hear, undergoes Zti, 7""' the hyperirophiecl ! 

L.n c-t/r 1 " 05 bone marrow cells hiv e ,h. . f ' lrilns P'-'"»ecl | 
acutely significant amount To ™ ' , Capab,l "y " f regeneraiin, 

form of repair can improv^ the i mm ' ^ 8 my ,° C!,rdium - This new ! 

of ischaemic cardiomyopX ' mmed,are J " 1cI ten 8-icrm outco.no i 

□ ; 

Methods 

Lln-c-*//" 8 cells j 

"-gnetic bead, co.^^.h^'t ^ Z ^^ '"''"""'"^^'^'""''"'^ i 
"Ik were *.!„„, wUh ACK-Uio.in ( an c t ,1 '.""V"'"* < t in ) i 
by FACS using . FACSVta,. ge in.'Zcm (Be 7 tv' !SAPE) ">»«' ! 

5 ^> of PBS. and ,he «7h^" ^^„d """" ,r " io " « f "'«' - » « I0» «dh in I 

5 u.1 of PBS". " "ispended ;„ „ conc.rn.ralion of 5 x I0< ,„ s x |0>I„ j 

j 

Myocardial Infarction ! 

cells were inS 7* \ n ,°Z rC Op0 '." !d •"«< P0S 
".yocrdiun, bordering .he Inh rc u'h "" T'""" of "* 

wiU, Lin-c-t,^ cells ,nd sh»m „ Wrc " UI »i«.«l 

board. e ' Y ' rt " oco,s wc "- ■iPP'oved hy ;,„ i,,„i„„ io ,„, rpvicw j 

Ventricular function ! 

.ransducer (model SPR-67^ mX fc ' I ^^Z ""^ ^ " """""P •»»»'»» ! 
LV- dP/d, in ,he closed-ehe. p ' /"In , r "; rCmtn, . S ° f W P "" ure *- aBd I V ' ! 
wasarrcs.ed in diasu.le and .he I™ d " bd " , " ,^i,, 3n "" w « cann.da.ed, .he l,r ; ,„ 
formahn-. Three .ta^on7^Zb71 , ; er, ^ d ""T'^ wi,h ,0 '" hufl "« 
rained wi.h hacna-oayhn and eosi-^ A V"' ^ tT " f " j 
porhon of .he ven.ricle was easily idrn.ifi^ I, .1, , , " "« lusi ""- "'farced 
hiWh. of .he endocardial and ZaXS^l h ""» a S™»r '<« la). The 

-doeardium and epicardiun, of ".^ i ^ ^ * '" S "* ^ b- 

Subsequently, .heir quo.ien.s were col u7ed 12 ,1 m ~ U " d K "'"" 

Thi, was accomplished a, x- m S „ / ,nr: " c, »' 

microscope" magnilnal.on w,.h an image analyser connecied .o ., 
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Cell proliferation and EGFP detection 

• ro.ng ample, „„h » rabbi, polyclonal anti.m„u« Ki67 anlibodv (SkoTn™ ■ 

LCFP w„ deuced wi,h a rabbi, polyclonal ami-G^Mo.Icu" Probes, ZZ , * t 
r«,. 6 n„.ed w.,h a „ 10usc mo „ oclonll „ mi . clrdinc ,„ h aj^rf™* 

"n" T m0nt " :l ° ni " »™meric 0,-acnn (done 5C5 SlgmJ) 
end. he,,, cdu w,.h a „bbi, polyclonal ami-hu.nan f lcI or VIM (Sign, ) and smoo.h 
n,u S c.e cell, w ,h , „ ln „ se monoclonal an.i-.moo.h-muscte cac in (don Z 
Nude. ,ve„ ,„„,«, w,,h propidium iodide. !0 ^ml"' (r«f, 27. 28). We de ™in t hne 
-"o*eh„ cel. (EC) and « m oo,h nJc. t «„ (SMc"miclci 
label «l Urdu and K 67 by confocal m.crojeopy. Thii wu accomplished by dividina .he 
\ c \° * •"•»! -umber of nuclei examined. Number of nl lei 

" W « ,n ,he regenerate .nyocardium by dclin.„i„ 8 ,he are. occup M Z c ,2 ,° 

:;r;r; d r " nd dividin8 ,his b > ,h < - — * *.E£r 

Y chromosome 

For the fluorescence in situ hybridisation assay, wc exposed sections to a denaturing 
so tmon containing 70% formamidc. After dehydration with cthanol, sections were 

(rcf. 2y). Nuclei were stained with propidium iodide. 

Transcription factors and connexin 43 

Sections were incubated with rabbit polyclonal anti-Ml:F2 (C-21; Santa Cruz), rabbit 
jhj yclonal > n u-C*VA-4 <H-1 12; Santa Gnu), rabbit polyclonal anti-Csx/Nkxi 5 
nhumed from D, S. Ixumo) and rabbit polyclonal anti-connexin 43 (Sigma). W c used 
(..conjugated goat aniwabbit IgG (Sigma) as the secondary antibody* 

Statistical analysis 

He.Mil.s are presented a, means ± s.d. Significance between two measurements was 
dcterm.ncd by Student's r-iest. and in multiple comparisons was evaluated by the 
llonfemmi method. Values of P < 0.05 were considered significant 
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CaTI manifests the pore properties | 
of the calcium-release-activated 
calcium channel 

i 

Uxla Yue* ( JI-BIn Pengt, Matthias A. Hedlijert & Oavld E. Claphanv % \ 

t Howard Hughes Medical Institute ami • Children's Hospital. Hanuud Mcdwnl j 

School, Enders IW9 t 320 LongwaoU Avenue, Boston, Mattachuscns 02 IIS, USA • 

t Membrane Biology Program and Rami Division, llrigham and Wo„n:n\ \ 

Hospital and Harvard Me.dir.nl School, ttoston, Massachusetts 02115. USA ! 

The calcium-rclease-activated Ca 2+ channel, W , *\ is a' highly \ 
Ca -selective ion channel that is activated on depiction of either I 
intracellular Ca 2+ levels or intracellular Ca 2+ stores. The unique j 
gating of / CRAC has made it a favourite target of investigation for j 
new signal transduction mechanisms; however, without molccu- ! 
lar identification of the channel protein, such studies have been j 
inconclusive. Here we show that the protein CaTI (rcf. 4), which ! 
has si* membrane-spanning domains, exhibits the unique bio- = 
physical properties of i CRAC when expressed in mammalian cells, * 
LiJce ^crac» expressed CaTI protein is Ca 2 * selective, activated by a 
reduction in intracellular Ca 2+ concentration, and inactivated by 
higher intracellular concentrations of Ca 1 *. The channel is Indis- 
tinguishable from / CIWC in the following features: sequence of 
selectivity to divalent cations; an anomalous mole fraction effect; 
whole-cell current kinetics; block by lanthanum; loss of selectivity 
in the absence of divalent cations; and single-channel conduc- 
tance to Na* in divalent-ion-free conditions. CaTI is activaled by 
both passive and active depletion of calcium stores. We propose 
that CaTI comprises all or part of the / CBAC pore. 
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Repair of Infarcted Myocardium by Autologous 
ilntracoronary Mononuclear Bone Marrow Cell 
Transplantation in Humans 

"Z^r^^Td^ZZ^X^' "Z ""f. inlrac, *° na,y "-"*-«- <* 

k>v WnrHo mt> AAn »j:.i _ ....... 

i angiogenesis ■ bone marrow ■ myogenesis 
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cmodelinfc of the left ventricle after myocardial infarc- 
XVtion (Ml) represents a major cause of infarct-related 
heart failure and death. This process depends on acute and 
chrome transformation of both the necrotic infarct region and 
the non-necrotic. peri-infarct tissue.'* Despite application of 
pharmacotherapeutics and mechanical interventions, the car- 
diomyocytes ibst during MI cannot be regenerated. The 
recent finding (hat a small population of cardiac muscle cells 
is able to replicate itself is encouraging but is still consistent 
with the concept that such regeneration is restricted to viable 
myocardium. 3 j 

In animal experiments, attempts to replace the necrotic 
zone by transpjanting other cells (eg, fetal cardiomyocytes or 
skeletal myoblasts) have invariably succeeded in reconstitut- 
ing heart muscle structures, ie, myocardium and coronary 
vessels. However, these cells fail to integrate structurally and 
do not display characteristic physiological functions.-*-' An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow- derived cells. Bone 



marrow contains multipotent adult stem cells that show a high 
capacity for differentiation.**-'" Experimental studies have 
shown that bone marrow cells (BMCs) are capable of 
regenerating infarcted myocardium and inducing myogenesis 
and angiogenesis; this leads in rum to amelioration of cardiac 
function in mice and pigs."-" However, procedures based on 
this phenomenon remain largely uninvestigated in a human 
clinical setting. 

An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of contraction 
and viability 5 months afterward." Autologous mononuclear 
transplanted in a similar surgical setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
patients and no change in 2 patients. '* However, such studies 
entail a surgical approach and are therefore associated with 
well-known perioperative risks. Moreover, this surgical pro- 
cedure cannot be used with MI. We therefore looked for a 
nonsurgical, safer mode for transplanting autologous cells 
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Figure 1. Procedure of cell transplantation Into 
infarcted myocardium In humans, a The bal- 
loon catheter enters the Infarct-related artery 
and is placed above the border zone of the 
infarction. It is then inflated and the cell sus- 
pension is Infused at high pressure under stop- 

n£n^" d tl0 £ S ' f' ,' n thiS CGlIS » 

planted into the infarcted zone via the infarct- 

3 6 ?J! asCulature (re ^ dots >- CeI, s infiltrate the 
nfarcted zone. Blue and white arrows suggest 
the possible route of migration, c, A supply of 
blood flow exists within the Infarcted zone." 
The cells are therefore able to reach both the 
border and the infarcted zone 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after 3 and 6 months of follow-up." 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation. All 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n«4), left circumflex coronary artery 
(n-3), or right coronary artery (n=13). Mean duration of infarct 
pain was I2±I0 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after infarction, 
cardiac shock, severe comorbidity, alcohol or drug dependency, or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography, 
and left ventriculography, mechanical treatment was initiated with 
recanalization of the infarct-related artery by balloon angioplasty 
(n=20) and subsequent stent implantation (n=l9). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group. 

All 20 patients were briefed in detail about the procedure of BMC 
transplantation. Informed consent was obtained from 10 patients, 
who formed the cell therapy group, whereas 10 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Heinrich-Heine-University, Diisseldorf, approved the study 
protocol. All procedures conformed to institutional guidelines. 

Before taking part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acetylsalicyiic acid, 
an ACE inhibitor, a 0-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
(-40 mL) was aspirated under local anesthesia from ilium of cell 
therapy patients (n « 1 0). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (BioWhit- 
taker) before the erythrocytes were lyscd with HjO. For overnight 



cultivation, 1X10* BMCs/mL were placed in Teflon bags (Vuelife 
Cell Genix) and cultivated in X-Vivo 15 Medium (BioWhittakerj 
supplemented with 2% heat-inactivated autologous plasma. The next 
day, BMCs were harvested and washed 3 times with heparinized 
I*!!™,?,* fmal resus P« n sion in heparinized saline. Viability was 
93+3%. Hepatization and filtration (cell strainer. FALCON) was 
earned out to prevent cell clotting and microembolization during 
intracoronary transplantation. The mean number of mononuclear 
cells harvested after overnight culture was 2.8 X 1 0 7 ; this consisted of 
0.65±0.4% AC133-positive cells and 2.1 ±0.28% CD34-positive 
cells. All microbiological tests of the clinically used cell preparations 
proved negative. As a viability and quality ex vivo control 1 X I0 5 
cells grown in H5I00 medium (Stem Cell Technology) were found 
to be able to generate mesenchymal cells in culture. 

Intracoronary Transplantation of BMCs 

Five to nine days after onset of acute infarction, cells were directly 
transplanted into the infarcted zone (Figure 1). This was accom- 
plished with the use of a balloon catheter, which was placed within 
the infarct-related artery. After exact positioning of the balloon at the 
site of the former infarct-vessel occlusion, percutaneous transluminal 
coronary angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 
minutes each. During this time, intracoronary cell transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 1.5 to 4X10* mononuclear cells. PTCA thoroughly pre- 
vented the backflow of cells and at the same time produced a 
stop-flow beyond the site of the balloon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus, pro- 
longed contact time for cellular migration was allowed. 18 

Functional Assessment of Hemodynamics 

After 3 months, all 20 patients were followed up by left heart 
catheterization, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens), To quantify infarction wall movement velocity, 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dyskinetic segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centeriine method according to Sheehan was used." All 
hemodynamic investigations were obtained by two independent 
observers. 

In the cell therapy group before and 3 months after cell transplan- 
tation, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobutamine stress echocardiography, 
radionuclide ventriculography, catheterization of the right heart, and 
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Clinical Da ta 
Characteristics 

No. of patients 

Age, y 

Sex 

Onset of Infarction before angioplasty, h 
Coronary angiography 
No. of diseased vessels 

No. of patients with UD/LCX/RCA as the affected vessel 
No. of patients with stent Implantation 
Laboratory parameters 
Creatinine kinase, U71 
Creatinine kinase-MB, U/L 
Bone marrow puncture after angioplasty, d 
Mononuclear bone marrow cells, n (X10 7 ) 



Cell 

Thorani* 

i iicidpy 


Standard 
Therapy 


P 


10 


10 




49±10 


50-6 


NS 


Mats 

male 


Male 




lux 0 


13* 1 1 


NS 


17±0.9 


2.1 ±0.7 


NS 


4/1/5 


0/2/8 




9 


10 




1138±1170 


1308±1187 


NS 


106±72 


124*92 


NS 


7-2 






2.8±2.2 







Values are meansSD or number of patients. 
NS indicates not significant; LAD, left anterior descending coronary artery; LCX left circumflex 
coronary artery; and RCA, right coronary artery. circumnex 



stress-redistribution-reinjection "'thallium scintigraphy. The con- 
tractility index P^/ESV was calculated by dividing LV systolic 
pressure^) by end-systolic volume (ESV). Perfusion defect was 
calculated by scintigraphic bull's-eye technique. Each examination 
was performed according to standard, protocols. 

There were no complications or side effects determined in any 
pat.ent throughout the diagnostic or therapeutic procedure or within 
the 3-month follow-up period. 

Statistical Analysis 

All data are presented as mean±SD. Statistical significance was 
accepted when P was <0.05. Discrete variables were compared as 
rates, and comparisons were made by ^ analysis. Intra-individual 
comparison of baseline versus follow-up continuous variables was 
performed w.th a paired t test. Comparison of nonparametric data 
between the two groups was performed with Wilcoxon test and 
Mann-Wh.tney test. Statistical analysis was performed with SPSS 
for Windows (version 1 0.1). 

Results 

Clinical data between the two groups did not differ signifi- 
cantly. The range of creatinine kinase levels was slightly but 
not significantly higher in the standard therapy group than it 
was in the cell therapy group (Table I). 

Comparison of the 2 groups 3 months after cell or standard 
therapy showed several significant differences in LV dynam- 
ics, according to the global and regional analysis of left 
ventriculogram. The infarct region as a percentage of hypo- 
kinetic, akinetic, or dyskinetic segments of the circumference 
of the left ventricle decreased significantly in the cell therapy 
group (from 30±I3 to I2±7%, />=0.005). It was also 
significantly smaller compared with the standard therapy 
group after 3 months (^=0.04). Within the standard therapy 
group, only a statistically nonsignificant decrease from 25 ±8 
to 20± 1 1% could be seen. Wall movement velocity over the 
infarct region rose significantly in the cell therapy group 
(from 2.0±l.l to 4.0±2.6 cm/s, />=0.O28) but not in the 
standard therapy group (from 1 .82: 1.3 to 2.311.6 cm/s, 
P=NS). No significant difference was observed between the 



two groups. Ejection fraction increased in both groups, albeit 
nonsignificantly (from 57±8 to 62±I0% in the cell therapy 
group and from 60±7 to 64 ± 1% in the standard therapy 
group) (Table 2). 

Further significant improvement could also be seen on 
additional analysis of the cell therapy group alone. Perfusion 
defect was considerably decreased by 26% in the cell therapy 
group (from 174-99 to 128±7I cm', />=0.0!6, assessed by 
; thallium scintigraphy) (Figure 2). Parallel to the reduction 
in perfusion defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49 ±7 to 56±7 mL/m 2 , />=0.0I0) 
and ejection fraction (from 51 ±14 to 53 ±13% 
P=NS). 

(2) Cardiac geometry, as shown by decreases in both 
end-diastolic (from I58±20 to I43±30 mL, />=NS) 
and end-systolic volume (from 82±26 to 67±2I mL, 
/ 3 =0.01 1). Radionuclide ventriculography was used to 
acquire the data. 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20.5 ±4.2 to 
24.4±7.7 mm/s, />=NS, assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 
systolic pressure to end-systolic volume (from 
1.81 ±1.44 to 2.27+1.72 mm Hg/mL, />=0.005). 

Discussion 

The present report describes the first clinical trial of intracor- 
onary, autologous, mononuclear BMC transplantation for 
improving heart function and myocardial perfusion in pa- 
tients after acute MI. The results demonstrate that trans- 
planted autologous BMCs may lead to repair of infarcted 
tissue when applied during the immediate postinfarction 
period. These results also show that the intracoronary ap- 
proach of BMC transplantation seems to represent a novel 
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TABLE 2. Comparison of Cell Therapy and Standard Therapy Groups 





Cell 
Therapy 


Standard 
Therapy 


P 


NO. OT paucnLS 


IU 


in 




inrarci region as runcuonai oereci 








nypoxjneuc, aKineuc, or oyswrieuc region ai u mo, to 


OUX I o 


^D — O 


NO 


nypuwnouu, oniicuw, ui uyoiuiicut* icy tun ai j iiiu, 70 


12±7 


20-*-11 


0.04 


p 

r 




no 




oonuacuuiy inoiccs 








Infarction wall movement velocity at 0 mo, cm/s 


2.0±1.1 


1.8±1.3 


NS 


Infarction wall movement velocity at 3 mo, cm/s 


4.0±2.6 


2.3±1.6 


NS 


P 


0.028 


NS 




Hemodynamic data 








LV ejection fraction at 0 mo, % 


57±8 


60±7 


NS 


LV ejection fraction at 3 mo, % 


62±10 


64±7 


NS 


P 


NS 


NS 





NS indicates not significant; 0 mo, zero months, which means the time of infarction; 3 mo, 3 
months, which means the time of the follow-up examinations. Ait data were obtained according to 
analysis of left ventriculogram. 



and effective therapeutic procedure for concentrating and/or 
depositing infused cells within the region of interest. 

Neogenesis of both cardiomyocytes and coronary capillar- 
ies with some functional improvement has been shown 
recently by several investigators using bone marrow- derived 
cells in experimental infarction. 1 '- 14 * 18 * 20 - 23 Moreover, trans- 
endothelial migration from the coronary capillaries and in- 
corporation of cells into heart muscle has been observed 
experimentally. 3 ' 12 - 24 - 26 Until now, clinical data only existed 
for the cell therapy of surgically treated chronic ischemic 
heart disease. 1516 Our aim was to transform the encouraging 
results from animal models to a safe clinical setting. The most 
crucial questions we had to address while designing and 




D 



Figure 2. Improved myocardial perfusion of infarcted anterior 
wall 3 months after intracoronary cell transplantation subse- 
quent to an acute anterior wall Infarction detected by ^thallium 
scintigraphy. The images on the left (A. D, sagittal) and in the 
middle (B, E) show the long axis, whereas those on the right (C, 
F, frontal) show the short axis of the heart. Initially the anterior 
wall, with green-colored apical and anterior regions, had 
reduced myocardial perfusion (A, B, C). Three months after cell 
transplantation the same anterior wall, now yellow in color, 
revealed a significant improvement In myocardial perfusion (D, 
E, F). All illustrations depict the exercise phase. 



realizing this trial were: (1) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown that 
environmentally dictated changes of fate (transdetermi nation) 
are not restricted to stem cells but may also involve progen- 
itor cells at different steps of a given differentiation pathway 
(transdifferentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases. 27 Adult, mononuclear BMCs contain such stem and 
progenitor cells (^1%), eg, mesodermal progenitor cells, 
hematopoietic progenitor cells, and endothelial progenitor 
cells. In several animal infarction models it has been shown 
that: (1) Bone marrow hemangioblasts contribute to the 
formation of new vessels; (2) bone marrow hematopoietic 
stem cells differentiate into cardiomyocytes, endothelium, 

TABLE 3. Cardiac Function Analysis at 3-Month Follow-Up 





Before Cell 
Therapy 


3 Months After 
Cell Therapy 


P 


No. of patients 


10 


10 




Hemodynamic data 








LV ejection fraction, % 


51±14 


53±13 


NS 


Stroke volume index, mltm* 


49±7 


56±7 


0.010 


Cardiac geometry 








LV end-diastolic volume, mL 


158±20 


143±30 


NS 


LV end-systolic volume, mL 


82±26 


67±21 


0.011 


Contractility indices 








Circumferential fiber shortening, 


20.5±4.2 


24.4±7.7 


NS 


mm/s 








P^/ESV, mm Hg/mL 


1.81 ±1.44 


2.27 ±1.72 


0.005 


Infarct region as perfusion defect 








"'Thallium scintigraphy, cm 2 


174 ±99 


126*71 


0.016 



NS indicates not significant. 
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and smooth muscle cells--'*; (3) BMCs give rise to mesoder- 
mal progenitor cells that differentiate to endothelial cells 28 ' 
and (4) endothelial progenitors can Undifferentiate into 
beating cardiomyocytes." Thus, several different fractions of 
mononuclear BMCs may contribute to the regeneration of 
necrot.c myocardium and vessels. Tn order to utilize this large 
and perhaps heterogeneous regenerative potential, we decided 
to use all mononuclear cells from the bone marrow aspirate as 
a whole rather than a subpopulation. No further expansion 
was performed because experimental data have revealed a 
dramatic decline in the homing capacity of in vitro amplified 
hematopoietic stem or progenitor cells. 30 

The second question was how to deliver the cells most 
efficiently. When given intravenously, only a very small fraction 
of infused cells can reach the infarct region after the following 
injection: assuming a nonnal coronary blood flow of 80 mL/min 
per 100 g of LV weight, a quantity of 160 mL per left ventricle 
(assuming a regular LV mass of ~200 g) will flow per 
minute.*'." This corresponds to only about 3% of cardiac output 
(assuming a cardiac output of 5000 mUmm)." Therefore 
intravenous application would require many circulation passages 
to enable infused cells to come into contact with the infarct- 
related artery. Throughout this long circulation and recirculation 
time, homing of cells to other organs could considerably reduce 
the numbers of cells dedicated to cell repair in the infarcted zone 
Thus, supplying the entire complement of cells by intracoronary 
administration obviously seems to be advantageous for the tissue 
repair of infarcted heart muscle and may also be superior to 
intraventricular injection » because all cells are able to flow 
through the infarcted and peri-infarcted tissue during the imme- 
diate first passage. Accordingly, by this intracoronary procedure 
the infarct tissue and the peri-infarct zone can be enriched with 
the maximum available amount of cells at all times. 

As stem cells differentiate into more mature types of progen- 
itor cells, it is thought that a special microenvironment in 
so-called niches regulates cell activity by providing specific 
combinations of cytokines and by establishing direct cellular 
contact. For successful long-term engraftment, at least some 
stem cells have to reach their niches, a process referred to as 
homing. Mouse experiments have shown that significant num- 
bers of BMCs appear in liver, spleen, and bone marrow after 
intravenous injection, 1 * To offer the BMCs the best chance of 
finding their niche within the myocardium, a selective intracor- 
onary delivery route was chosen. Presumably, therefore, fewer 
cells were lost by extraction toward organs of secondary interest 
by this first pass-like effect. To facilitate transendothelial pas- 
sage and migration into the infarcted zone, cells were infused by 
high-pressure injection directly into the necrotic area and the 
balloon was kept inflated for 2 to 3 minutes; the cells were not 
washed away immediately under these conditions. 

The time point for delivery was chosen as 7 to 8 days after 
infarction onset for the following reasons: 

(1) fn dogs, infarcted territory becomes rich in capillaries 
and contains enlarged, pericyte-poor "mother vessels" 
and endothelial bridges 7 days after myocardial ische- 
mia and reperfusion. Twenty.eight days later, a signif- 
icant muscular vessel wall has already formed. 3 * Thus, 
with such timing, cells may be able to reach the worst 



damaged parts and at the same time salvage tissue 
Transendothelial cell migration may also be enhanced 
because an adequate muscular coat is not yet formed 

(2) Until now, only one animal study has attempted to 
determine the optimum time for cardiomyocyte trans- 
plantation to maximize myocardial function after LV 
injury. Adult rat hearts were cryoinjured and fetal rat 
cardjomyocytes were transplanted immediately 2 
weeks later, and 4 weeks later. The authors discussed 
the inflammatory process, which is strongest in the 
first days after infarction, as being responsible for the 
negative results after immediate cell transplantation 
and they assumed that the best results seen after 2 
weeks may have been due to transplantation before 
scar expansion." Until now, however, no systematic 
experiments have been performed with BMCs to cor- 
relate the results of transplantation with the length of 
such a time delay. 

(3) Another important variable is the inflammatory response 
in MI, which seems to be a superbly orchestrated inter- 
action of cells, cytokines, growth factors and extracellular 
matrix proteins mediating myocardial repair. In the first 
48 hours, debridement and formation of a fibrin-based 
provisional matrix predominates before a healing phase 
ensues."-"" Moreover, vascular endothelial growth factor 
is at its peak concentration 7 days after MI, and the 
decline of adhesion molecules (intercellular adhesion 
molecules, vascular cell adhesion molecules) does not 
take place before days 3 to 4 after ML We assumed that 
transplantation of mononuclear BMCs within the "hot" 
phase of post-MI inflammation might lead them to take 
part in the inflammation cascade rather than the formation 
of functional myocardium and vessels. 

Taking all of this into account, we can conclude that cell 
transplantation within the first 5 days after acute infarction is not 
possible for logistical reasons and is not advisable because of the 
inflammatory process. On the other hand, transplantation 2 
weeks after infarction scar formation seems to reduce the benefit 
of cell transplantation. Although the ideal time point for trans- 
plantation remains to be defined, it is most likely between days 
7 and 14 after the onset of MI, as in the present study. 

This trial was designed as a phase I safety and feasibility trial, 
meaning that no control group is necessarily required. However' 
to validate the results, we correlated them with those obtained 
from 10 patients who refused to get additional cell therapy and 
thus received standard therapy alone. We are aware of the fact 
that such a comparison does not reach the power of a randomly 
allocated, blinded control group. However, the significant im- 
provement with regard to infarct region, hemodynamics (stroke 
volume index), cardiac geometry (LV end-systolic volume), and 
contractility (P.^/ESV and infarction wall movement velocity) 
did confinn a positive effect of the additional cell therapy 
because the changes observed in the standard therapy group 
failed to reach significance. 

Another important factor for interpreting the results is time 
interval between onset of symptoms and revascularization of the 
infarct-related artery by angioplasty; this represents a crucial 
determinant of LV recovery. For patients with acute MI. it has 
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been shown that if the time intetval is >4 hours, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy V None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
I2± 10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mild and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data'" In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters 
which may be attributed to BMC-mediated coronary angioneogen ' 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist 
and no side effects were observed at any point of time. The 
therapeutic benefit for the patient's heart seems to prevail. 
However, further experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute Ml 
in humans. 

References 

1. Pfeffer MA, Braunwald E. Ventricular remodeling after myocardial 
infarction: experimental observations and clinical implications. Circu- 
lation. 1990;81:1161-1172. 

Ertl G. Gaudron P. Hu K. Ventricular remodeling after myocardial infarction- 
experimental and clinical studies. Basic Res Cardiot. 1993-88125-137 
Quaini F Urbanek K, Beltrami A P. el al. Chimerism of the transplanted 
heart N Engl J Med. 2002;346;5- 1 5. >P'«n lca 
Leor J, Patterson M. Quinoncs MJ, ct al. Transplantation of fetal myocardial 
hssue into infarcted myocardium of rat: a potential method for repair of 
mrarcted myocardium? Grattotion. I996;94(suppl 11) 332-336 
Murry CE, Wiseman RW, Schwartz SM, et al. Skeletal myoblasi transplan- 
tation for repair of myocardial necrosis. J Clin Invest. 1 996*98-25 1 2-25^3 
Taylor DA, Atkins BZ, Hungspreugs P, et al. Regenerating 'functional myo- 

^^872^9^°™"** aftCr SkdCtal my ° b,aSt transplan,ation ' Nat 
Tomita S Li RK, Weisel RD, et al. Autologous transplantation of bone 
lit ,mPr ° VeS damascd hcar1 frnetion. Circulation. I999:l00(supp| 

Blau HM. Brazelton TR, Weimann JM. The evolving concept of a stem cell- 
entity or function? Ceil. 2001;105:829-841. 

Krause DS. Theise ND, Collector Ml, et' al. Multi-organ, multi-lineage 
369 377°" ^ 3 $,nfiIC b0nC maiTOW ' dcrivcd stcm <>//. 2001; 105: 
Goodell MA, Jackson KA, Majka SM, el al. Stem cell plasticity in muscle 
and bone marrow. Ann N Y Acad Scf. 2001 ;93 8:208 -2 1 8. 
Orlic D, Kajstura J. Chimenti S. et al. Bone marrow cells regenerate infarcted 
myocardium. Nature. 2001 ;4 1 0:701-705. 

Orlic D, Kajstura J, Chimenti S. et al. Mobilized bone marrow cells repair the 
mrarcted heart, improving function and survival. Proc Natl Acad Sci USA 
2001;98:10344-10349. 

Kocher AA, Schuster MD. Szabolcs MJ. et al. Neovascularization of ische- 
m.c myocardium by human bone- marrow-derived angioblasts prevents car- 
diomyocyte apoplosis. reduces remodeling and improves cardiac function 
Nat Med. 2001;7:430-436. 

Tomita S, Mickle DA, Weisel RD, et al. Improved heart function with 
myogenesis and angiogenesis after autologous porcine bone marrow stromal 
cell transplantation. J Thorac Cardiovosc Surg. 2002; 1 23: 1 132-1 135 
Menasche P, Hagege AA. Scorsin M, et al. Myoblasi transplantation for heart 
failure. Lancet. 2001:357:279-280. 



8, 
9. 

10. 
II. 
12. 

13. 



IS. 



1 6. Hamano K, Nishida M. H.rata K, et al. Local implantation of autologous bone 
marrow cells for therapeutic angiogenesis in patients with ischemic hear, 
disease: clinical Inal and preliminary results. Jpn Ore J 200! 65 845-847 

onT^M 1 " "'ft*" T • «o°„^r 8 ^ 
on«y transplantation of human autologous stem cells following acute myo- 
cardial infarction. Duch mat Wschr. 2001 1 26 932-938 

Ili^T' 7 ™ D> ^ dn,Wy E ' M •'■ ^ c °">nary delivery of marrow 
S,- 'f' my0Ca : d,al pathophysiologic and therapeutic 

implications. J Thorac Cardiovosc Surg. 200I I22 699-705 

S?rT!;frKl!J n r EL; ?* ge HT - " al * Ad ™' a 8« «* applications of .he 

£2? S^^wos nBnB rc8ionaI ventricu,ar func,ion - G>CM - 

Sussrrmn M. Cardiovascular biology: hearts and bones. Nature. 2001:410: 

Torna C. Pittenger MF, Cahill KS. el al. Human mesenchymal stem cells 
differentiate to a cardiomyocyte phenotype in the adult murine heart Circu- 
lation. 2002;105:93-98. 

Kamihata H. Matsubara H, Nishiuc T, el ol. Implantation of bone marrow 
mononuclear cells into ischemic myocardium enhances collateral perfusion 
and regional function via side supply of angioblasts, angiogenic ligands and 
cytokines. Circulation. 200 1 : 1 04 : 1 046- 1 052. 

Ferrari G, Cusella-De Angelis G, Coletta M, et al. Muscle regeneration by 
bone marrow-derived myogenic progenitors. Science. I998;279l 528-1 530 
Kawamoto A, Gwon HC. Iwaguro H, ci al. Therapeutic potential of ex vivo 
IT??? ' ndothc,ial Progenitor cells for myocardial ischemia. Circulation 
2001;103:634-637. 

^ST,^- , Ch ° PW ' LeVit5ky Hl - CI aL Artcrial dc,iv «V of genetically 
labelled skeletal myoblasts to the murine heart: long-term survival and phe- 
notypic modification of implanted myoblasts. Cell Transplant 1996 5 77-91 
B.ttner RE, Schofer C. Weipol (shammer K, et al. Recruiiment of bone-' 
marrow-denved cells by skeletal and cardiac muscle in adult dystrophic mdx 
mice. Anat Embryo! (Bert). 1999;199:391-396. 

Jiang Y Jahagirdar B, Reinhardl RL, ct at. Pluripotency of mesenchymal 
stem cells derived from adult marrow. Nature. 2002;20:1-12 
Reyes M Lund T. Lcnvik T, et al. Purification and ex vivo expansion of 
postnatal human marrow mesodermal progenitor cells. Blood. 2001,98: 
2615-2625. 

Condorelli C. Borello U, De Angelis L et at. Cardiomyocytes induce endo- 
tnelial cells to trans-differentiate into cardiac muscle: implications for myo- 
cardium regeneration, Proc Natl Acad Sci USA. 2001 98 10733-10738 
Szilvassy SJ Bass MJ, Van Zam G, et al. Organ-selective homing defines 
engraftment kinetics of murine hematopoietic stem cells and is compromised 
by ex vivo expansion. Blood. 1999;93:1557-1566. 

Gregg DE, Fisher LC. Blood supply to the heart In: Handbook of Physiology. 
Washington, DC: American Physiological Society; I963:chap 44, 

Strauer BE. Myocardial oxygen consumption in chronic heart disease: role of 
wall stress, hypertrophy and coronary reserve. Am J Cardiol 1979 4 
730-740, 

Toma C, Pittenger MF, Byrne BJ, et al. Adult human mesenchymal stcm cells 
differentiate to a striated muscle phenotype following arterial delivery to the 
munne heart. Circulation. 2000;102fsupp| ll):ll-683. Abstract 
Hendnkx Pj, Martens CM, Hagcnbcek A, et al. Homing of fluorescently 
labeled murine hematopoietic stem cells. Exp Hematol. I996;24- 1 29-140 
Ren G. Michael LH, Entman ML, el al. Morphological characteristics of ihe 
miltnTlT hMl ' ne my0Cardial infarC,s - J Hist <*n™ Cytochem. 
Li RK, Mickle DA, Weisel RD, el al. Optimal time for cardiomyocyte 
transplantation to maximize myocardial function afier left ventricular injury 
Ann Thorac Surg. 2001;72:1957-1963. 

Frangogiannis NG, Smith CW. Entman ML. The inflammatory response in 
myocardial infarction. Cardiovosc Res. 2002;53:31-47. 
Allgdwer M. 77ie Cellular Basis of Wound Repair. Springfield. Ill: Charles C 
Thomas; 1956. 

Xie Y. Zhou T. Shen W, et al. Soluble cell adhesion molecules in patients 
with acute coronary syndrome. Chin Med J. 2000; 1 13:286-288. 
I. Soeki T, Tamura Y, Shinohara H. et al. Serial changes in serum V EG F and 
HGF in patients with acute myocardial infarction. Cardiology. 2000:93: 
168-174. 

. Shciban I. Fragasso G. Rosano GMC. et al. Time course and determinants of 
left ventricular function recovery after primary angioplasty in paliems with 
acute myocardial infarction. J Am Coll Cardiol. 2001;38:464 - 471. 



18. 

19. 

20. 
21. 

22. 

23. 
24. 

25. 

26. 

27. 
28. 

29. 

30. 

31. 

32. 

33. 

34. 
35. 

36. 

37. 
38. 
39. 
40 



EVIDENCE APPENDIX 
ITEM NO. 7 

Dohmann et al., 2005 publication in Circulation. 112:521-526, 
full copy of publication furnished in Examiner's Answer, 

November 28, 2007 



Appellant's Appeal Brief 
Evidence Appendix 
May 27, 2009 



UONATE HELP CONTACT AHA SIGN Ifl HOKE f& 

American Heart 

Association*^^ 

Learn and Live ~ 



Circulation Home - Subscriptions • 
AHA Journals Home 

! Circulation. « Previous Article | Table ol 

! 2005;112:521-526 

| Published online before print July 18, 2005, doi: 

| 10.1161/CIRCULATIONAHA.104.499178 

(Circulation. 2005;! 12:521-526.) 

© 2005 American Heart Association, Inc. 

Heart Failure 

Transendocardial 
Autologous Bone Marrow 
Mononuclear Cell 
Injection in Ischemic 
Heart Failure 

Postmortem 

Anatomicopathologic and 
Immunohistochemical Findings 

Hans F.R. Dohmann, MD^; 

Emerson C. Perin, MD, Phl>; 
Christina M. Takiya, MD, PhD; 
Guilherme V. Silva, MD; 
Suzana A. Silva, MD; 
Andre L.S. Sousa, MD; 
Claudio T. Mesquita, MD, PhD; 
Maria-Isabel D. Rossi, PhD; 
Bernardo M.O. Pascarelli, MD; 
Isabella M. Assis, MD; 
Helio S. Dutra, PhD; 



Archives • Feedback ■ Authors ■ Help . 

" ! 

Contents | Next Article » 



This Article 

Abstract free 

Full Text fPDf) 

All Versions of this Article: 
112/4/521 most recent 
CIRCULATIONAHA.104.499178vl 

Alert me when this article is cited 

Alert me if a correction is posted 

Citation Mao 

Services 

Email this article to a friend 
Similar articles in this journal 
Similar articles in PubMed 
Alert me to new issues of the journal 
Download to citation manager 
Request Permissions 

Citing Articles 

Citino Articles via HiahWire 
Citing Articles via Google Scholar 

Google Scholar 

Articles by Dohmann. H. F.R. 
Articles by Boroievic, R. 
Search for Related Content 

PubMed 

PubMed Citation 

Articles by Dohmann, H. F.R. 

Articles by Boroievic. R. 



12/7/2007 6:44 PM 



Joao A.R. Assad, MD; 
Rodrigo V. Castello-Branco, MD; 
Cantidio Drummond, MD; 
Hans J.F. Dohmann, MD, PhD; 
James T. Willerson, MD; 
Radovan Borojevic, PhD 

From the Hospital Procardiaco (H.F.R.D., 
S.A.S., A.L.S.S., C.T.M., J.A.R.A., R.V.C.B., 
CD., H.J.F.D.), Rio de Janeiro, Brazil; the 
Texas Heart Institute at St. Luke's Episcopal 
Hospital (E.C.P., G.V.S., J.T.W.), Houston, 
Tex; and the Institute of Biomedical Sciences 
and Clementino Fraga Filho Hospital, Federal 
University (C.M.T., M.-I.D.R., B.M.O.P., 
I.M.A., H.S.D., R.B.), Rio de Janeiro, Brazil. 



► Pubmed/NCBI databases 
Medline Plus Health Information 

' Bone Marrow Transplantation 
' Heart Failure 

Related Collect ions 

► Other myocardial biology 

► Chronic ischemic heart disease 

* Catheter-based coronary and valvular interventions: other 

► Other Treatment 

► Other Vascular biology 

► Anglogenesis 

► Heart failure - basic studies 

► Ischemic biology - basic studies 



Correspondence to Hans F.R. Dohmann, MD, Rua General Polidoro 192, 22080-000 Rio de Janeiro, Brazil 
(e-mail diretoria.cientifica@procardiaco.com.br ), or Emerson C. Perin, MD, 6624 Fannin, Suite 2220, Houston 
TX 77030 (e-mail eperin@crescentb.net). 

Received March 31, 2004; de novo received August 13, 2004; revision received January 28, 2005; 
accepted February 23, 2005. 



► Abstract 

Background — Cell-based therapies for treatment of ischemic heart disease are 
currently under investigation. We previously reported the results of a phase I trial 
of transendocardial injection of autologous bone marrow mononuclear (ABMM) 
cells in patients with end-stage ischemic heart disease. The current report focuses 
on postmortem cardiac findings from one of the treated patients, who died 1 1 
months after cell therapy. 

Methods and Results — Anatomicopathologic, morphometric, and immunocytochemical findings 
from the anterolateral ventricular wall (with cell therapy) were compared with findings from the 
interventricular septum (normal perfusion and no cell therapy) and from the inferoposterior 
ventricular wall (extensive scar tissue and no cell therapy). No signs of adverse events were found in 
the cell-injected areas. Capillary density was significantly higher (P<0.001) in the anterolateral wall 
than in the previously infarcted tissue in the posterior wall. The prominent vasculature of the 
anterolateral wall was associated with hyperplasia of pericytes, mural cells, and adventitia. Some of 
these cells had acquired cytoskeletal elements and contractile proteins (troponin, sarcomeric a-actinin, 
actinin), as well as the morphology of cardiomyocytes, and appeared to have migrated toward 
adjacent bundles of cardiomyocytes. 
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Conclusions — Eleven months after treatment, morphological and immunocytochemical analysis of 
the sites of ABMM cell injection showed no abnormal cell growth or tissue lesions and suggested that 
an active process of angiogenesis was present in both the fibrotic cicatricial tissue and the adjacent 
cardiac muscle. Some of the pericytes had acquired the morphology of cardiomyocytes, suggesting 
long-term sequential regeneration of the cardiac vascular tree and muscle. 

Key Words: angiogenesis • stem cells • heart failure • revascularization • ischemia 

► Introduction 

Top 

The role of cell-based therapy for the treatment of ischemic heart disease is ^ Abstract 

currently under investigation. In view of the myocardium's limited capacity to ^ CasTfi^por" 

regenerate spontaneously after an ischemic injury, the therapeutic use of exogenous ▼ Methods 
progenitor cells has recently gained increasing interest. In vitro demonstration of ^ ofscuss ion 
functional cardiomyocyte differentiation from bone marrow-<lerived progenitor ^ Conclusion 
ce |l s L2 has prompted in vivo studies in animal models, and promising results have ^ References 
been obtained in the repair and regeneration of acute and chronic cardiac muscle 
lesions. Several types of progenitor cells have been used in experimental models, including bone 
marrow-derived endothelial and blood cell progenitors, as well as bone marrow mesenchymal 
progenitors.— 

In humans, similar attempts have been made with surgical, intracoronary, or transendocardial 
introduction of bone marrow-derived cells to improve cardiac lesions.- 2 - Our group recently reported 
the results of the first phase I human trial of transendocardial injection of autologous bone marrow 
mononuclear (ABMM) cells in patients with end-stage ischemic heart disease.- We observed a 
significant increase in perfusion, contractility of ischemic myocardial segments, and functional 
capacity of the cell-injection recipients. This report presents postmortem cardiac findings from one of 
these patients. 



^ Case Report 

The patient was a 55-year-old man with ischemic cardiomyopathy and 2 previous 
myocardial infarctions (in 1985 and 2000). He began to have symptoms of 
congestive heart failure 2 years before study enrollment. One year before 
enrollment, the patient had an ischemic stroke with mild residual right hemiparesis 
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and resultant episodes of ch^.uc tonic-clonic seizures. His risk factors for coronary . Discussion 
artery d.sease mcluded diabetes mellitus type II, hypertension, and - Conclusion 

hypercholesterolemia. ^ References 

The patient's functional capacity was evaluated at baseline by means of a ramp treadmill protocol! 0 
w,th a peak maximal oxygen consumption (Vo 2 max) of 15.9 mL • kg"' • min" 1 and a workload of 
4.51 metabolic equivalents (METs). A baseline single-photon-emission computed tomography 
(SPECT) perfusion study showed a partially reversible perfusion defect in the anterolateral wall a 
fixed perfuse defect (scar) in the inferior and posterior walls, and normal perfusion in the septal 
wall. K 

Cardiac catheterization revealed a left ventricular ejection fraction of 1 1%, a 70% ostiaJ and an 85% 
m.ddle stenosis of the left anterior descending (LAD) coronary artery, an 80% proximal lesion of the 
left c.rcumflex (LCx) coronary artery, and total occlusion of the first obtuse marginal artery and right 
coronary artery. The distal segments of the LAD and LCx were diffusely diseased. Owing to the 
seventy and extent of the patient's coronary disease, he was not considered a candidate for surgical or 
mtervent.onal procedures. At enrollment in our study, he was in New York Heart Association 
(NYHA) functional class III and Canadian Cardiovascular Society (CCS) angina class III His serum 
C-react.ve protein level, complete blood count, creatine kinase level, and tropoain level were normal 
at baseline. 

The patient received a total of 3xl0 7 ABMM cells (the Table) that had been harvested 2 hours before 
the procedure. With the guidance of electromechanical mapping,!^ the cells were injected 
transendocardially into the anterolateral wall of the left ventricle. No peri procedural complications 

were observed. 



nn'hifwindowl Phenot yP e and Functional Characterization of 3xl0 7 Cells Injected via 
fin a new windowl a Tr ansendocardial Route* 



Noninvasive follow-up evaluation was performed 2 and 6 months after cell therapy. Invasive 
follow-up evaluation, with cardiac catheterization, was performed at 4 months and revealed no 
change in coronary anatomy. Symptomatic and functional improvements were noted because the 
patient returned to NYTIA and CCS class I. Holter monitoring showed no malignant ventricular 
arrhythmias, and signal-averaged ECG parameters remained stable. There was no change in the 
patient's medications after cell therapy. There was no change in the global ejection fraction or left 
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ventricular volume on echocaidiography. The wall-motion index score (on 2-dimensional 
echocardiography) improved from 1 .94 to 1.65 as contractility increased in 5 segments adjacent to the 
injected area. Myocardial perfusion, as assessed by SPECT, improved in the anterolateral wall. 
Mechanical data derived from SPECT showed improvements in regional ejection fraction, wall 
motion, and thickening. In addition, during ramp treadmill testing, the V02max increased from 15.8 
to 25.2 mL • kg" 1 • min -1 , and the METs increased from 4.51 to 7.21 at 2 months. At 6-month 
follow-up testing, the V02max reached 31.6 mL ■ kg -1 • min -1 , and the METs was 9.03. 

From 6 to 1 1 months after the cell injection procedure, the patient's cardiovascuJar condition 
remained stable. At 1 1 months, however, he had a tonic-clonic seizure at home and was found in 
cardiopulmonary arrest by family members. 

► Methods 

After signed, informed consent was given by the family, an autopsy was performed, 
including morphological and immunocytochemical analysis of the heart. This 
report presents the anatomicopathologic findings about the infarcted areas of the 
anterolateral ventricular wall, which were the areas that had received bone marrow 
cell injections. The histological findings from this region were compared with 
findings from within the interventricular septum (which had normal perfusion in 
tine central region and no cell therapy) and findings from the previously infarcted 
inferoposterior ventricular wall (which had extensive scarring and no cell therapy). 

Immunocytochemical analysis of paraffin sections was performed with antibodies against factor 
VHI-related antigen (A0082, Dako), vimentin (M0725, Dako), smooth muscle cr-actin (M0851, 
Dako), and CD34 and Kj-67 (NCL-L-End and NCL-Ki67MMl respectively, Novocastra). Antibodies 
were reacted with Dako's EnVision+ System/HRP, with diaminobenzidine as a chromogen. Frozen 
sections were fixed, permeated with acetone, and incubated with antibodies for troponin T (T6277, 
Sigma), smooth muscle ct-actin, sarcomeric actinin (A7811, Sigma), and desmin (D 1.033, Sigma). 
Antibodies were revealed with anti-mouse or anti-rabbit IgG, F(ab)2 fragment, conjugated to 
fluorescein isothiocyanate (1814192 and 1238833, respectively, Boehringer-Mannheim), and 
counterstained with a 0.1 %• solution of Evans blue dye (Merck). 

Capillary density was monitored by using computerized image analysis (Image-Pro Plus, 
MediaCybernetics) of randomly selected fields in sections stained with hematoxylin and reacted with 
antibody for factor VHI-related antigen (n=108) and randomly selected fields in sections reacted with 
antibodies for smooth muscle a-actin (n=96). Transverse sections of capillaries identified by staining 
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for factor VIII and pericyte-containing capillaries identified by staining for smooth muscle ,-actin 
were quantified separately. Results were expressed as the mean number of capillaries per square 
millimeter in the case of factor VHI-stained slides or the number of capillaries containing pericytes in 
«-smooth.muscle-actin-stained slides. Larger vessels identified by a continuous wall of smooth 
muscle actin-positive mural cells were excluded. Differences between the anterolateral, septal and 
posterior walls were assessed with Kruskal-Wallis ANOVA and the Student-Newman-Keuls method 
for pairwise multiple comparison. Results were considered significant if P was <0.05. 

Evaluation of the capillary density inside the fibrotic areas within the cell-treated anterolateral wall 
versus the nontreated posterior wall was performed in 40 selected fields inside the fibrotic scars, 
excluding the regions containing cardiomyocytes. Microscope fields (at X100) of factor VHI-stained 
slides were digitized, and the number of transverse sections of capillaries per square millimeter of 
fibrotic zones was assessed. Differences between the treated infarcted zones and the nontreated 
fibrotic wall were assessed by the Mann-Whitney rank-sum test. Results were considered significant 
if / J was <0.05. 



► Results 

Anatomopathologic Findings I°J> 

The heart weighed 765 g. There was severe arteriosclerosis with subocclusive - Introduction 

calcified atheromata in all coronary arteries, calcification of the pulmonary artery, A Case Report 

and moderate atheromatosis of the aorta. The heart cavities were dilated, with t Revolts * 

hypertrophic walls. There was no evidence of any acute injury or of lesions that ~ p ' scussion 

could be related to cell injections. A generalized, homogeneous endocardial Z Reference" 
opacification, affecting all the cardiac internal surfaces, was identified on 

histological examination as diffuse fibroelastic hyperplasia of the endocardium. Minute focal and 
punctate scars were observed, mainly in the posterior and anterolateral walls. 

The apical zone was thinned and fibrotic. The posterior and apical regions had dense, fibrotic, 
well-circumscribed scars that separated cardiomyocyte bundles. The septal wall exhibited focal scars 
interspersed with cardiac fibers in the regions adjacent to the anterior and posterior ventricular walls, 
but it was devoid of fibrosis in the central region. 

The anterolateral ventricular wall that received cell injections had elongated, irregular, and parallel 
reddish areas throughout. In the same wall, in adjacent regions that did not receive injections, the 
density and morphology of the fibrotic scars were similar to those of the posterior wall, suggesting 
that no overt differences were present among the different infarcted areas before cell injections. 



Morphometric Analysis 

The capillary density was signify highcr in lhe ^ ^ 

rece.ved ce, ,n JM « than in ,he previously infarcted posterior wall (/X0.000 1 , (JWe, A) The 
rned.an cap.Uary density in the antero.atera, waU wa 5 apparently similar to that in the^I, ^ 
However the broad dispersion of the septai wal, data, which may have been due to fibre i c Z in 
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Figure 1. Number of capillaries per mm 2 in anterolateral 
postenor, and septal walls of studied heart. A, Anti-factor^ 
Vlll-associated antigen counterstained with hematoxylin 
r~' Ant, - sm °oth muscle -actin antigen counterstained with 
hematoxylin. C, Capillaries reacted with anti-factor 
Vlll-associated antigen inside fibrotic areas only in 
anterolateral and posterior walls. (n=108 microscope fields 
for A; 96 microscope fields for B; and 40 microscopic 
fields for C.) Differences were statistically significant 
among all groups in pairwise comparisons (7'<0 05 
Newman-Keuls method) for A and B. Differences were 
significantly different (/><0.05) between anterolateral and 
postenor walls in Mann- Whitney rank-sum test for C. 

The density of capillaries that contained smooth muscle o-actin-positive cells within their walls was 
also assessed (F^l B). The number of such vessels was higher in the anterolateral wall than in the 
septa, and postenor walls 0*0.0001). Larger vessels identified by a continuous wall of smooth 
muscle .-actin-poshive mural cells were not included in these analyses. The capillary density was 
significantly higher within fibrotic areas of the anterolateral wall than within fibrotic areas of the 
postenor wall CP<0.0001) (Fifiure 1 C). 

Histological Findings 

The anterolateral wall showed irregular, pale regions of fibrotic tissue intercalated with dark regions 
of cardiac muscle arranged in roughly parallel, interspersed bands, perpendicular to the ventricular 
wal plane (FigureJA). No abnormal cell organization, growth, or differentiation or signs of previous 
focal necrosis, inflammatory reactions, or tissue repair were found in the region that had received cell 
injections. Inside the fibrotic tissue, trichrome and picrosirius collagen staining disclosed regions with 
decreased collagen density, in which a rich vascular tree was present. The anterolateral wall also 
showed larger central vessels that ramified into smaller ones, parallel to the cardiomyocyte bundles 
(ti£ure2B). In the anterolateral wall, the peripheral zone of fibrotic areas merged into the 
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cardiomyocyte layer and lack.u well-defined limits unlike th, r,u ♦ ■ 
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figure 2 Gomori trichrome slain of anterolateral (A B) 
present .n B. Ongmal magtufication is X40 in A, B, and D; XI00 



HvTh , ^ ^ " * e PeriVaSCUlar rC8i0n: ^ WCre groups 
oncocytes and, very rarely, granulocytes. At the interface between fibrotic tissue and 

card.omvocyte bundles, 2 gradients merged.- the decreasing blood vessel diameter and the increasing 
ard.omyocyte s, 2 e. Very smal, cardiomyocy.es were seen isolated in the fibro.ic matrix a Zto 
capillaries in the anterolateral wall toeether with » nm „ ■ i • adjacent to 

cell, that were iso.ated or m«*J£t^ u ^ 

interspersed m small groups among the cardiomyocyte bandies. 

Immunocytochemistry Findings 

h^u.ocmca, labeling of factor Vm^ssociated antigen identified a thin endothelial iayerof 
od vesse , ,„ the posterior, septa, (Figures A), and anter„,a,era. (Fjgure_3B) ventricu,ar wa, s ta 
anteroiatera wa„, nether factor V,„ nor CD34 was found i„ the fibroblast cel, population 

, t " P0S ' eriOr VeMriCUlar Wa " Md -*■■»■ — * --in Zs 

read, y , dent, ed ,„ blood vessel wa,l ce„s. This protein was present bo* in pericytes and in the 

moo h muscle cells of the thin vessel wal, ,ayer ffigu^C, in the anteroiatera, wal,. The vase lar 
ree of the an.eroia.era, wal, showed intense iabeling in thc blood vessel walls, which had a marked 
hypertrophy of smoo* muscle cells (Fi^D). The same staining pattern was present in iso,a,ed 
cells iocated ,„ the penvascular position and in the adjacn, region among caxdiomyocy.es and 
fibrose matnx (T^E, Vimentin was present in the endothelial layer of ,he an.erolatera, wal, in 
he pen vascular ce„s, and in cells adjacen. ,o or in Cose contact with ,he cardiomyocy.es 

^ Ce " S fre<|Ue '" ly fomed - n=<wo* that permeated .he fibro.ic matrixlnaThe 
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interstitial space among cardiomyocytes (Figure 4 B). 




Figure 3. Immunocytochemical identification of factor 
VIH-associated antigen (A, B) and smooth muscle cr-actin (C-E) 
in blood vessel walls of septal (A) and anterolateral (B-E) 
regions of studied heart, depicting increased vascular density (B) 
and hyperplasia of perivascular and mural cells (C -E). Ki67 
reactivity was rarely present in perivascular cells of anterolateral 
wall (F). Original magnification x40 in A and B, X400 in C and 
D, and x 1000 in E and F. 
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Figure 4. Anterolateral wall that received cell injection 
therapy. A and B, Immunostaining for vimentin depicted 
positive reaction in vascular wall and in fibroblastoid 
interstitial cells. C and D, Immunostaining for desmin 
showed small groups of intensely reactive cells between 
blood vessels and cardiomyocytes (C) and small cells 
inside cardiomyocyte bundles with typical striated 
cytoskeleton (D). E and F, Immunostaining for troponin 
showed positive reaction in all mural cells of 
medium-sized blood vessel. Original magnification is 
X1000 in A and F; x400 in B-E. 
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Desmin was identified in the same cell population. Desmin labeling was less intense in the vascular 
wall cells and isolated perivascular cells and was more intense in the cells adjacent to 
cardiomyocytes. On sections perpendicular to the main cardiomyocyte axis, thin desmin-positive 
fibrils were observed mainly in the submembrane region; on longitudinal sections, a typical 
transverse banded pattern of desmin was observed (Figure 4C and 4 D). Among cardiomyocytes, some 
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of .he small cells had strong, peripheral desmin-stained areas (Figure_4 [)) 

occasional forming . continuous ^ , J™ f S 

cells or small groups of troponin-positive ceMs were Z " 




Figure anterolateral wall that received cell injection 
therapy. A, Immunostaining for troponin depicted small 

cetr/H 6 r CeHS ^ intCnSe reaCti0 » in P e "P h -al 
cell area. B-F, Immunostaining for sarcomcric actinin 

depicted reactivity in mural cells of blood vessel (B-E) and 

isolated cells among cardiomyocytes with actinin 

organization similar to that of sarcomeres (E, F) Original 

magnification is x400 in A and F; x 1 000 in B-E 
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Labehngof sarcomere actinin was similar ,o that of troponin. However, both pericapillary pericyte, 

d mura, ,ood vessel ceUs in the anterolateral region were negative for sarcomeric ac,W„7b,o 
vessels , hat d , y embe[]ded fa ^ ^ ^ ^ ^ ^ » 

card.omyocy* bundles. The same cells located in vessels adjacent to or embedded between the 
cardtomyocvte , bund.es were positive for sarcomeric actinin, as were ft. isolated cells" groups 
of f, b roblas,o,dce,,s (T^BandSC). Someof these «„s had increased in size im d, ir Tl i 
centra, reg.on, d.sclosed sarcomcric actinin tha, was already organized in the typical banded pattern 
of sarcomeres fcSDa^E). ,„ to centra, region, isolated ce„s barely^ger than Pcr^T 
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could be observed; only a fe.. sarcomeres were presen. su Efi es.i ni! ,h„ ,h ■ 

acquired some cardiomyocyte characteristics (alreSF, ™ 

The Ki67 antibody, which identifies cells actively engaged in renli,,,^ 

endotheUa, cells in the posterior wail. ,„ the -J^^tTwwTnTd f ^ 

pericapilla^ pericytes and with isoiated fibroblastoid cells in ,h f " 

3F). The overall cel, reactivity with ^ mtiboiy was j£ 0 w br °*' C ^ 



► Discussion 



Accun,u,a.,ng evidence from both experimental anima! studies^ and human * £" 

TT ' hat ABMM " ,eraPy imPr0VM " : teSaiSto 

pauems w,«h .schemic hear, disease. At the same time, dinica! stem eel! therapy " 

research IS focus ne more on saWu th.„ » «■ ,.. mcrapy ^ Methods 

g more on safety than on efficacy. The present report describe, - R^"7" 

TuZ, y ° t0m Pa,iem Wh ° UndeTOM < transendocardia, injection of ' ™^»°" 
ABMM cells. According*, the major findings in this report pertain to t e Z Sg£5 

procc ure-s sa ety: No abnormal or disorganized tissue growth, no abnorma, 

specific cardiomyocyte proteins. C > aforement,one d cells expressed 

probation of „,„„d waU eel, iS EndleK "1^°^ ™.ri* »d 

progenitors (postnatal vascu enesis, ^m T T *? ^ 

from existing vessels (angiogene! A M^cl, T" Pr0 ' iferati ° n end ° ,he " al 

ach,eve a phys.ological angiogenic process with resultant durable blood vessel! 7„ Z , 
when c„ ed with the nonin.iec.ed regions, the cd^cted wa,l had ^ ed h yp ^laZ ^ 
pencytes and mura, cells. The observed hypertrophic pericytes displayed 2 charadsTics PirL, 
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although still located in the vascular wall, they expressed specific myocardial proteins and second, 
they were found in locations that suggested detachment, having migrated into the adjacent tissue and 
reached proximal cardiomyocytes that were either isolated or in small cell clumps. Closer to 
cardiomyocytes, the expression of myocardial proteins was enhanced, yielding brighter 
immunostaining throughout the whole cytoplasm. The significance of these findings remains to be 
established. However, within the posterior wall, none of the findings was seen, and small blood 
vessels could only rarely be found. 

Notwithstanding the aforedescribed data, the present report has limitations that severely restrict our 
ability to make conclusions about the role of ABMM ceils in myocardial regeneration. The findings 
could have occurred by chance. It is impossible to exclude the influence of a natural recovery process 
as the cause for the difference in vascular density between cell-treated and nontreated areas. 
Comparisons of capillary density among different sections of wall were based on specimens from a 
single patient. Moreover, this is an isolated, uncontrolled case involving late events after injection of 
unlabeled cells; it precluded the use of any imaging technique that could have helped to colocalize 
and identify the presence of stem cell direct descendants within the vessel wall or myocardium. 
Therefore, the significant difference in vascular density between cell-treated and nontreated areas 
cannot be extrapolated to a larger population of similar patients. However, the increased vascular 
density within the cell-injected anterolateral wall accompanied that wall's improvement in perfusion 
as assessed by SPECT, whereas all other walls remained unchanged. 



► Conclusion 

At 11 -month follow-up evaluation, stem cell therapy was not associated with any 
adverse histological findings. Morphological and immunohistochemical analysis of 
the area that underwent ABMM cell implantation suggested that that area had more 
capillaries than nontreated areas and that ABMM cell therapy was associated with 
hyperplasia of pericytes, mural cells, and adventitia. Some of these cells had 
acquired cytoskeletal elements and contractile proteins (desmin, troponin, and 
sarcomeric actinin). 
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► Footnotes 

"Drs Dohmann and Perin are coprincipal investigators. D 
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Figure 3. Immunocytochemical identification of factor VIH-associated antigen (A, B) and smooth 
muscle a-actin (C-E) in blood vessel walls of septal (A) and anterolateral (B-E) regions of studied 
heart, depicting increased vascular density (B) and hyperplasia of perivascular and mural cells (C-E). 
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Speaker: David Holmes, MD 
Moderator: Reginald Low, MD 

Panel members: George Dangas, MD, Wolfgang Ritter, MD, Peter Gonschior, MD, 
Brian Firth (Cordis Corporation) 

George Dangas: There have been many attempts and many failures in this field due perhaps to the 
inherent tendency of interventional cardiologists to move quickly and work from assumptions, applying 
what may not yet be well understood. Gene therapy and engineered viruses (associated viruses, 
attenuated viruses, etc.) are examples of this. When it became clear that we were unable to identify the 
most appropriate and effective agent for angiogenesis, we looked toward the newly fashionable stem 
cell-based therapies. Even researchers make 3 million agents, and 2 of them turn out to be effective, that 
would be fine. On the other hand, perhaps the stem cells will produce 2 or 3 agents that work for 
angiogenesis. but at the same time, 1 or 2 other agents produce negative effects — the result being that 
the positive effect hoped for is not achieved. 

Thus, the interventional cardiology field must achieve more "crisp" results based on more "crisp" basic 
science, with better-established findings, in order to better understand what the targets are and pursue 
them in a more methodological manner. Our methodology needs to be evidence-based, as opposed to 
the focusing on the practicalities of how to achieve our aims. We need to scale down the in vivo 
applications and return to the laboratory. 

David Holmes: There are a number of small, randomized trials currently under way. primarily in Europe. 
Perhaps some of our European colleagues here could discuss these trials. We are already in the middle 
of human trials before obtaining adequate scientific data about which specific cells to use, how many 
cells, when to deliver them, and how to deliver them. Is that a good thing? What if they fail? does that 
mean the approach is wrong? Or does it mean that we were doing it incorrectly? 

Peter Gonschior: The good thing is that very robust cells are used based on solid, basic scientific data. 
That led to the application of a large variety of cells, which led to what appeared to be good data. The 
patient data, such as ejection fraction, however, are not terribly impressive. Ejection fraction improvement 
is not very significant, especially when you factor in the amount of energy wasted to achieve any clinical 
impact in the patients. More basic, relevant data are required to guide us toward the best approach, 

Wolfgang Ritter: We have never used daig-eluting stents, so we wait to see what the cardiologist does. 

David Holmes: From the industry standpoint it would be nice to have a patentable product so that the 
product's unique design bearing the corporate name could be marketed. Given that God invented the 
progenitor cells and has a pretty strong patent on them, how do we 'patent" a cell? For example, a bone 
marrow cell injected in the coronary artery — how do you design a device to do that? How do you make a 
living at that, since most any device could do that task? 

Brian Firth: Let me come at this from a different angle. For some time now, Cordis has looked at what it 
already had as facilitating technology. We have been on the delivery side of the business, specifically 
with our Nog a systems, the NogaStar®, the MyoStar™ injectable catheter, and so on. Thus, the 
mapping, definition and ability to deliver something in a very site-specific manner constitute the piece of 
the business Cordis has focused on. Having said that, in order to obtain 510-K FDA device approval, we 
must prove that it actually does something. Thus. Cordis is currently working on the area of autologous 
bone marrow with stem cells. Our interest is not in trying to figure out how to patent stem cells, which 
can't be done, but rather in the delivery of these cells, because we think that a more local delivery system 
would be better than a more general one. Cordis seeks to design a system, thus, that would deliver the 
cells that have been identified for their contractile properties to a site that has been defined as 
compromised. 

Richard Heuser: These are expensive studies to conduct, thus, if the product is not patentable, it will not 
attract industry funding. In the case of the Bioheart study, how will this trial be conducted? Will sham cells 
be given, or no cells, or a small number of them? Also, we want to target the patient population that is not 
eligible for heart transplants. We have been talking about bone marrow ceils as well. My understanding is 
that there is a very good possibility that these cells can be delivered intravenously with the same results. 
So how do we design, say. a skeletal muscle cell study that would actually end up garnering FDA 
approval for the therapy? And what about bone marrow — is it really necessary to go down the coronary 
arteries and go selectively into the myocardium? 

David Holmes: Those are two important questions. Bioheart is a skeletal muscle myoblast product. The 
company considered this product a drug when it applied to the FDA for approval. In drug trials, the FDA 
requires data on ineffective dosage in addition to a toxic dose, and a couple of doses that do work. Thus, 
the first dose in the Bioheart project that was approved by the FDA was absolutely ineffective — it might 
as well have been placed under the patient's pillow. The data that came out of Europe on Bioheart 
involved a much higher dose, albeit with a small number of patients. 

In terms of the second point as it relates to where and how to administer the cells, some information has 
shown that when these different sorts of cells are delivered intravenously, they go to the lungs and have 
a "tremendous time," and they don't reach the myocardium. So while it makes perfect sense to use the 
intravenous approach, these cells are filtered out in the lungs and remain there. If those cells are active 
and produce cytokines, perhaps that's all we would want to use them for. Maybe these cells aren't the 
magic solution, and maybe we don't have a clue about this. Perhaps we can use these cells for the 
cytokines they produce systemically and they will cause other bone marrow cells to hone in on the site of 
injury. But at the present, we just don't know enough about this process. 

Patrick Whitlow: I just want to give you an update on Bioheart because of their underlying disease 
process, these patients are very prone to arrhythmia and sudden death. And theoretically, if you are 
adding islands of tissue in the left ventricle that is already damaged, these islands of tissue are not 
enervated in the same way as the surrounding tissue and the conduction properties aren't the same. You 
would theorize that this could set up re-entry circuits. Thus, ventricular arrhythmia presents an enormous 
problem in terms of conducting studies because many of these patients are going to die from their 
underlying disease. To detect if cell injection causes worsened arrythmias will be very difficult, but a 
potentially serious problem. Therefore, the first v.s. clinical trial involves patients who already have 
defibrillators, and the number of patients will be small because of the need for defibrillators. The study 
should answer the question of whether this is arrythmogenic — which Patrick Serruys believes is the 
case. Other researchers in France don't believe that injecting cells is arrhythmogenic. Who knows? It will 
take a long time and a lot of patients to arrive at the answer. 

If a start-up company tries to make this therapy work, it will be very difficult for Industry to actually fund 
the research from start to finish. We know from the animal studies that efficacy increases with higher 
doses of celt therapy, but we have yet to find what a potentially toxic dose is for the size of the island of 
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Abstract 

Myocardial infarcts heal by scarring because myocardium 
cannot regenerate. To determine if skeletal myoblasts could 
establish new contractile tissue, hearts of adult inbred rats 
were injured by freeze-thaw, and 3-4.5 X 10 6 neonatal skel- 
etal muscle cells were transplanted immediately thereafter. 
At 1 d the graft cells were proliferating and did not express 
myosin heavy chain (MHC). By 3 d, multinucleated myo- 
tubes were present which expressed both embryonic and 
fast fiber MHCs. At 2 wk t electron microscopy demon- 
strated possible satellite stem cells. By 7 wk the grafts began 
expressing p-MHC, a hallmark of the slow fiber phenotype; co- 
expression of embryonic, fast, and (3-MHC continued through 
3 mo. Transplanting myoblasts 1 wk after injury yielded com- 
parable results, except that grafts expressed (3-MHC sooner 
(by 2 wk). Grafts never expressed cardiac-specific MHC-a. 
Wounds containing 2-wk-old myoblast grafts contracted 
when stimulated ex vivo, and high frequency stimulation in- 
duced tetanus. Furthermore, the grafts could perform a car- 
diac-like duty cycle, alternating tetanus and relaxation, for 
at least 6 min. Thus, skeletal myoblasts can establish new 
muscle tissue when grafted into injured hearts, and this 
muscle can contract when stimulated electrically. Because 
the grafts convert to fatigue-resistant, slow twitch fibers, 
this new muscle may be suited to a cardiac work load. (J. 
Clin. Invest. 1996. 98:2512-2523.) Key words: myocardial 
infarction • skeletal myoblast • myosin heavy chain • con- 
tractile function • cell transplantation 

Introduction 

Experimental and clinical therapies for myocardial infarction 
have focused traditionally on limiting infarct size. Unfortu- 
nately, the goal of limiting myocardial injury has been difficult 
to achieve clinically, because ischemic myocardium dies quite 
rapidly (I) and most patients wait more than 3 h after coronary 
occlusion before seeking medical attention. As an alternative 
approach, we are exploring strategies to induce the injured 
heart to heal with muscle replacement rather than forming 
scar tissue. 
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One strategy for muscle regeneration is to transplant either 
skeletal or cardiac myocytes into the injured heart. Studies 
from Field's group showed that cardiac myocytes can be trans- 
planted into normal hearts, where they couple with host caxdio- 
cytes via intercalated discs (2, 3). However, a major drawback 
to using cardiocytes is their inability to proliferate in culture. 
At present it seems unlikely that enough primary cardiocytes 
could be obtained from the patient or histocompatible donor 
to repair a myocardial infarct in humans. On the other hand, 
skeletal muscle satellite cells (muscle stem cells) proliferate 
well in culture. Satellite cells could be obtained from muscles 
of infarct patients and rapidly expanded in culture, or stocks of 
potentially therapeutic myoblasts could be obtained from em- 
bryos and frozen for subsequent use (4, 5). Furthermore, phys- 
iological studies have shown that when properly conditioned, 
skeletal muscle can adapt to perform a cardiac-type work load 
(6). Recent studies have demonstrated the feasibility of graft- 
ing skeletal myoblast lines into normal hearts (7) and autolo- 
gous satellite cells into injured hearts (8, 9), However, to 
generate significant amounts of functional new muscle the 
transplanted cells ideally should proliferate and then differen- 
tiate into mature myofibers capable of sustaining a cardiac 
work load. This study was performed to determine the prolif- 
eration and differentiation patterns of skeletal myoblasts after 
engraftment into injured rat hearts and to determine whether 
this new muscle could support contractile activity. 

Methods 

Skeletal myoblast isolation and culture. These studies were approved 
by the University of Washington Animal Care Committee and were 
conducted in accordance with federal guidelines. Skeletal myoblasts 
were obtained from the limbs of 1-3-d-old Fischer rats. This inbred 
strain was used to avoid immune barriers to transplantation. After 
time of killing, the carcasses were skinned and the limbs were placed 
into cold tissue culture media. Under a dissecting microscope, the 
muscles were stripped of surrounding adipose tissue and fascia and 
bluntly dissected from their tendons. The muscles were minced with 
iridectomy scissors until a fine slurry was formed. The slurry was then 
digested in 0.05% trypsin/EDTA (GIBCO-BRL, Gaithersburg, MD) 
in Ham's saline A at 37*C. *iih intermittent mechanical agitation to 
assist dispersal. After 30—45 min the cell suspension was filtered 
through sterile gauze to remove undispersed tissue fragments and rod 
shaped mature myofibers. Cells were plated at ~ 5 X 10* cells/dish in 
tOO-mm gelatinized plates in 10 ml Ham's F10C media, containing 
15% horse serum and 50 u.g/ml gentamicin sulfate (Gemini Byprod- 
ucts, Inc., Calabasas, CA). Recombinant human basic fibroblast 
growth factor was added twice daily to a final concentration of 6 ng/rnl, 
and the complete medium was replaced once per day. Approximately 
10% of the cells attached and grew with a doubling time of ~ 18 h. 
The cultures contained a mix of small, oval myoblasts and elongated, 
spindle-shaped cells consistent with fibroblasts. Subconfluent cultures 
were passaged every 2-3 d (1:5 split) to minimize the occurrence of 
myogenic differentiation at higher density. On the day before trans- 
plantation, the cultures were tagged for subsequent identification in 
vivo. In some experiments cells were lagged with fluorescent micro- 



2512 Murry etal. 



spheres (1500 dilution of stock 200 nm yellow-green fluorescent mi- 
crospheres; Molecular Probes, Eugene. OR)- The latex microspheres 
were endocytosed (typically > 20 spheres/cell) and served as cyto- 
plasmic markers (10). [n other experiments, cells were incubated 
overnight with (>H]thymidine (1 u,Ci/ml) to mark their nuclei after 
autoradiography. Cultures were trypsinized immediately before trans- 
plantation and suspended at a concentration of ~ 3 x 10 /ml. Small 
aliquots of the remaining cell suspension were replated at - 2 X 10 
cells/cm 1 into gelatinized, multichamber plastic slides, and fixed in 
methanol after various culture intervals for immunostaining. 

Rat cardiac injury models. Inbred male Fischer rats (Simonsen Labs, 
Gilroy CA) weighing 350-400 grams were anesthetized with intra- 
peritoneal ketamine-xylazine (68 and 4.4 mg/kg, respectively), intu- 
bated and mechanically ventilated with room air. The heart was ex- 
posed aseptically via a left thoracotomy, and a 1 -cm-diameter 
aluminum rod, precooled with liquid nitrogen, was placed in direct 
contact with the anterior left ventricle for 15 s. Freeze-thaw reproduc 
ibly caused a disc-shaped region of coagulation necrosis. ~ I cm in di- 
ameter, extending - 2 mm into the myocardium. It should be noted 
that while infarcts typically have irregular borders with viable penin- 
sulas of subepicardial myocardium along penetrating vessels, freeze - 
thaw lesions consist of confluent necrosis in the subepicard.um with 
viable myocardium in the subendocardium. Because they are not 
transmural, freeze-thaw lesions do not cause cardiac aneurysm for- 
mation. Despite these differences, the cellular patterns of coagulation 
necrosis, inflammation and phagocytosis, granulation tissue forma- 
tion and scarring after freeze-thaw injury are indistinguishable from 
myocardial infarction (11-13). making it a suitable model to study 
myocardial repair. 

In the initial studies. ~ 3 x 10 4 myoblasts in 100 u.1 t.ssue culture 
media were injected superficially into the center of the injured region 
immediately after injury, using a 27-gauge needle. Then, the chest 
was closed and the rats were allowed to recover for timed intervals 
from 1 d to 3 mo (n = 4/time point). To mimic a clinical situation 
more closely, a second protocol was used in which the freeze-thaw le- 
sion was allowed to heal for 1 wk before transplanting myoblasts. By 
1 wk most of the necrotic myocardium had been replaced by granula- 
tion iissue, but scar formation had not yet begun. The rats (n - 2/time 
point- no 3 d or 3 mo time points) were reanesthetized and a thora- 
cotomy was repeated. The heart was exposed and a 100-u.l suspension 
containing ~ 3 x 10 6 myoblasts was injected into the wound as de- 
scribed above. The chest was closed and the animals were allowed to 
recover for intervals from 1 d to 7 wk. 

To detect DNA synthesis in the grafts the rats were treated with 
the thymidine analogue 5-bromo-2--deoxyuridine (BrdU) (Boeh- 
ringer-Mannheim. Indianapolis, IN). I d before time of killing, the 
rats were lightly anesthetized, and a 50-mg tablet of BrdU was .m- 
planted subcutaneously for measurement of cell replication. Prelimi- 
nary studies showed that a subcutaneous 50-mg BrdU tablet gave 
comparable replication rates to a.24-h continuous infusion with an os- 
motic mini-pump (not shown). For rats killed 1 d after transplanta- 
tion, a single 10-mg pulse of BrdU was given inlrapcritoneally 1 n be- 
fore lime of killing. This avoided incorporation of BrdU .mo the cells 
which were cycling at the lime of transplantation. ...... 

Rats were killed with a pentobarbital overdose and their hearts 
were excised. In the immediate transplantation groups, the aorta was 
cannulated and the hearts were perfusion fixed with methyl Carnoy s 
solution (60% methanol. 30% chloroform, 10% glacial acetic acid), 
transversely sectioned, and embedded in paraffin by routine meth- 
ods. In groups transplanted I wk after injury, the hearts were trans- 
versely sectioned, embedded in OCT (Miles Inc., Kankakee. IL). and 
frozen in a dry ice-ethanol bath for frozen section analysis. In both 
protocols, sections of gut were obtained as controls for measurement 
of cell replication with BrdU. 

rAbb^evianons used in Ous paper: BrdU. 5-bromo-2'deoxyurid,ne; 
MHC, myosin heavy chain. 



Measurement of contractile function in isolated wound strips. Rat 
hearts were given 4.5 x 10* myoblasts (n = 8) in 100 nl or a sham in- 
jection of saline (n « 3) immediately after injury. 2 wk after engrafting, 
the hearts were excised and transversely sectioned. Under a dissecting 
microscope, most of the subendocardial myocardium was trimmed away 
from the injured region, and isolated wound strips (~ 1.5 X 1.5 x 8 mm) 
were prepared. One or two strips were studied from each myoblast- 
engrafted heart, and two or three strips were studied from each sham- 
injected heart. The strips were ligated at both ends with silk suture 
and then placed in a bath of physiological saline with the following 
composition (mmol/liter); 116 NaCI. 4.6 KG, 1.2 MgS0 4 . 2.5 CaCI,. 
26 Mops (pH 7.4), 1 1 glucose, and 10 mg/liter gentamicin. The buffer 
was equilibrated with 95% 0,/5% C0 2 and maintained at 20°C via a 
thermostatically controlled water jacket. Wound strips were mounted 
between an isometric force transducer (model 60-2995; Harvard Ap- 
paratus Inc., South Natick, MA) and a fixed glass hook. Resting ten- 
sion was set initially at 0.5 g. Strips were stimulated with 1-ms bipolar 
pulses delivered via platinum wire electrodes using a Grass model 
S48 stimulator (Astro-Med. Inc., West Warwick, RI). Voltage was in- 
creased in 10-V increments until contractile activity was observed. 
Force traces were displayed on a digital storage oscilloscope (model 
3091- Nicolet Instrument Corp.. Madison, WI) and recorded using a 
General Scanning model RS4-5P strip chart recorder. After deter- 
mining the force-voltage relationship, the optimal length for force 
production was determined for each wound strip using test contrac- 
tions at 2-min intervals, a time sufficient for metabolic recovery in 
mammalian fast twitch muscles (14). Force-frequency analysis was 
performed by increasing the stimulation frequency in l-Hz incre- 
ments; tetanus was defined as the point where the oscillations of con- 
tractile force at the plateau were < 3% of the net force generated 
(14) Finally, to test fatigability the grafts were subjected to a simu- 
lated cardiac-like duty cycle, consisting of 0.33 s of tetanus followed 
by 0.67 s of relaxation (1:2 cycle), continuing for 6 min. After comple- 
tion of functional studies the strip's cross-sectional area was deter- 
mined, and the tissue then was processed for histology or electron mi- 

croscopy. . . 

Immunocyiochemistry. Antibodies used for immunostaining are 
given in Table I. 6-u.m frozen sections were cut on a cryostal. briefly 
air dried, and stored at -70°C until use. 5-^m paraffin sections were 
deparaffinized in xylene and rehydrated in a graded alcohol series. 
Cultured cells were fixed and stored in cold PBS until use. For all 
samples, endogenous peroxidase activity was quenched by incubating 
with 0 3% H.O, in methanol for 30 min. Immunostaining was earned 
out at room temperature. Sections were blocked with 1.5% normal 
horse serum in PBS for 1 h. The sections were then incubated with 
the primary antibody in 1.5% horse serum for 1 h. followed by mcu- 
bation with the secondary antibody (rat adsorbed horse anti-mouse. 
1-400 dilution; Vector Labs. Inc.. Burlingame. CA) for I h. Antigens 
were localized with an avidin-biotin-peroxidase complex (ABC tine 
kit- Vector Labs). For staining with a single antibody, d.aminobenzi- 
dine (Sigma Immunochemicals, St. Louis, MO) was used as a chroma- 
genie substrate. For double immune-labeling with antibodies to myo- 
sin and BrdU. sections were first exposed to 1.5 N HU for 15 mm at 
37°C to denature the DNA, followed by a rinse in 0.1 mol/l.ter borax 
,o stabilize the denatured strands. Sections were then stained rou- 
tinely for myosin heavy chain (MHC) using di.minobeniri.ne After 
a second quenching in 0.3% HjO,. sections were blocked with .5 U 
normal horse serum, and then incubated with a mouse monoclonal 
antibody to BrdU for I h. After incubation with the secondary anti- 
body (horse anti-mouse). BrdU was localized with an avidin-biotm- 
peroxidase complex, using True Blue (KPL, Gaithersburg, MD) as 
substrate. Cross-reactivity between the first primary antibody and he 
second secondary antibody did not occur, as long as the True Blue 
substrate was incubated for a short duration (< 1 mm). Sections were 
counterstained either with methyl green, nuclear fast red. or hema- 

"^Electron microscopy. After measurement of contractile function, 
one of the tissue strips was immersed in half strength Karnovsky s f.x- 
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Table I. Antibodies Used for Immunocytochemistry 



Antibody 



Antigen recognized 



Reference 



MF-20 


Sarcomeric MHCs 


Hyb. Sup,, 1:100 


American Type Culture Collection, Rockville, MD 


39 


MY-32 


Skeletal MHC-fast (types IIA and IIB) 


Mouse ascites, 1:2000 


Sigma Immunochemicals 


40 


BAGS 


Cardiac MHC-a 


Hyb. Sup., 1:5 


American Type Culture Collection 


41 


F1.652 


Embryonic MHC 


Hyb. Sup., 1:100 


Developmental Studies Hybridoma Bank* 


4?. 


A4.951 


P-MHC 


Hyb. Sup.. 1:50 


American Type Culture Collection 


43 


Anti-BrdU 


BrdU 


IgG, 1:50000 


Eurodiagnostics, Apeldoorn, The Netherlands 


44 



IgG t purified IgG monoclonal antibody; Hyb. Sup., hybridoma supernatant. *The monoclonal antibody F1.652, developed in the laboratory of 
Dr. Helen Blau, was obtained from the Developmental Studies Hybridoma Bank maintained by the Department of Pharmacology and Molecular Sci- 
ences, Johns Hopkins University School of Medicine, Baltimore, MD, and the Department of Biological Sciences, University of Iowa, Iowa City, IA, 
under contract NOl-HD-2-3144 from the National Institute of Child Health and Human Development. 



ative and dissected into small cubes < 1 mm in greatest dimension. 
The tissue was fixed overnight in half strength Karnovsky's fixative, 
postfixed for 1 h in 1% osmium tetroxide at room temperature, dehy- 
drated through a graded alcohol series followed by propylene oxide, 
and embedded in Medcast resin (Ted Pella, Inc.. Redding, CA). 
Semithin sections were stained with toluidine blue and examined by 
light microscopy. Thin sections were cut from selected blocks, stained 
with lead citrate and uranyl acetate, and examined in a Jeol JEM 
1200EXII transmission electron microscope. Representative areas 
were photographed. 

Results 

Characteristics of myoblast cultures. The muscle cultures con- 
tained a mixed cell population. At least 22% of the cells were 
skeletal muscle, as indicated by their staining for sarcomeric 
myosin after switching to a differentiation medium containing 
1.5% serum and no FGF for 3 d. This procedure underesti- 
mates the true percentage of skeletal muscle cells by several- 
fold, since the nonmyogenic cells continue to divide after the 
medium switch while the myoblasts complete their present cell 
cycle and then terminally differentiate. Approximately 1% of 
the celts stained with antibodies to smooth muscle a-actin. 
which can mark either smooth muscle cells or fibroblasts. Vir- 
tually none of the cells stained with an antibody for the endo- 
thelial marker von Willebrand factor. The remaining cells 
were presumably fibroblasts. 

Histology and differentiation patterns of myoblast grafts. 
Cultured skeletal myoblasts were transplanted into cardiac 
freeze-thaw lesions either immediately after injury, or, to 
mimic a clinical situation more closely, cells were transplanted 
1 wk after injury. The two protocols yielded similar results and 
will be described together; minor differences are noted below. 
On the first day after transplantation the myoblasts were 
mononuclear cells (Fig. 1 A). The grafted cells could be distin- 
guished clearly from inflammatory cells within the necrotic tis- 
sue by their larger size and characteristic oval shape. (Fibro- 
blast ingrowth from the surrounding tissue had not yet begun 
at this time.) The identity of the grafted cells was confirmed by 
their cytoplasmic fluorescent microspheres and radioactive nu- 
clei (not shown). Mitotic figures were common. The grafted 
cells did not stain with antibodies to skeletal or cardiac MHCs 
(Fig. 1 B). Thus, muscle differentiation had not yet occurred. 

By 3 d after transplantation, many of the grafted cells had 
fused to form multinucleated myotubes (Fig. 1 C). Myotubes 
were partially aligned along the short (transverse) axis of the 



heart. The myotubes stained with antibodies to sarcomeric 
MHC. embryonic MHC (Fig. I D), and to MHC-fast (not 
shown). Occasional cross-striations were noted, but these were 
not frequent at this time (Fig. 1 D). The myotubes did not ex- 
press cardiac MHC-a. By I wk the grafts were easily recogniz- 
able as skeletal myofibers and many cells contained cross-stria- 
tions. As before, the new myofibers stained with antibodies to 
sarcomeric MHC, embryonic MHC, and MHC-fast, but did 
not express cardiac MHC-a (not shown). By 2 wk after trans- 
plantation the grafts had the appearance of maturing skeletal 
myofibers (Fig. 1 £). Sarcomeres were well formed, and many 
cells had peripheral nuclei. The myofibers stained intensely 
with antibodies to sarcomeric myosin, embryonic MHC (Fig. 1 
F) t and skeletal MHC-fast (Fig. 1 C). No staining with cardiac 
MHC-a antibodies was observed at 2 wk. 

At 7 wk after transplantation the grafts were islands of ma- 
ture skeletal muscle within young scar tissue (Fig. 1, H-J). 
There was a moderate increase in cell diameter compared with 
2 wk. None of the muscle grafts were infiltrated or splayed 
apart by scar tissue, nor was there evidence of fiber atrophy. 
Vascular density appeared normal for muscle tissue (Fig. [J). 
All of the 7-wk grafts stained strongly with antibodies to sarco- 
meric myosin and embryonic MHC (Fig. 1 hf). The grafts in- 
jected immediately after injury stained intensely with antiskel- 
etal MHC-fast, comparable with Fig. I F. In contrast, ihe grafts 
injected 1 wk after injury stained poorly with antiskeletal 
MHC-fast (see below). No staining with antibodies to cardiac 
MHC-a was observed in the grafts, while the adjacent myocar- 
dium stained intensely (Fig. t /). 

At 3 mo after transplantation the grafts again had the ap- 
pearance of mature skeletal muscle (Fig. t K). Most myofibers 
had peripheral nuclei, and vascular density appeared normal. 
Fiber diameter was generally larger than in the 7-wk group, in- 
dicating that the cells had hypertrophied between 7 wk and 3 
mo (compare Fig. 1. / and K). In one heart, however, part of 
the graft was infiltrated by scar tissue which encircled individ- 
ual myofibers and was associated with fiber atrophy (Fig. I L). 
The grafts continued to express embryonic MHC and MHC- 
fast (not shown). Once again, no staining with antibodies to 
cardiac MHCa was observed (comparable with Fig. 1 /). At 
all time points the myofibers were predominantly aligned par- 
allel with the short (transverse) axis of the heart and therefore 
appeared in longitudinal section. However, some fascicles of 
muscle appeared obliquely or cross-sectioned in this plane. 

In summary, the grafts began to differentiate into myo- 
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Figure I Morphology and MHC expression in skeletal myoblast grafts. Rat hearts were injured by freeze-thaw and syngeneic skeletal muscle 
cells were grafted into the lesions. Alt panels in this figure are from hearts which were grafted immediately after injury. (A) l-d graft. The grafted 
cells are identifiable as relatively large, oval shaped cells (arrows) within the necrotic myocardium. One graft cell is in mitosis (arrowhead). Nu- 
merous smaller inflammatory cells are present within the lesion. Fibroblast ingrowth from surrounding viable tissue had not vet begun at this 
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tubes between I and 3 d and acquired the appearance of ma- 
turing myofibers with well formed sarcomeres by 2 wk. The 
grafts expressed both embryonic MHC and MHC-fast at all 
times between 3 d and 3 mo. There was no expression of car- 
diac MHC-a at any time. 

Electron microscopy. Electron microscopy was performed 
on one heart, 2 wk after myoblast grafting. Most of the grafted 
cells had well formed, slightly contracted sarcomeres which 
were aligned in registry (Fig. 2 A). Mitochondria were abun- 
dant. Multinucleation was evident in many cells, as were well 
formed T-tubules. However, in other cells a spectrum of mor- 
phological stages was present, consistent with developing skel- 
etal muscle (Fig. 2 B). Cells at the earliest stage were small, 
had scanty myofibril content, and contained focal aggregations 
of electron-dense material suggestive of developing Z-discs, In 
these cells there were abundant ribosomes and glycogen, a 
prominent Golgi apparatus, and dilated segments of sarcoplas- 
mic reticulum. Intermediate cells were larger and had increas- 
ing amounts of myofibrils with a corresponding decrease in 
ribosomes and glycogen. Some cells had well formed sarco- 
meres, but these were out of registry compared with the most 
mature cells. No intercalated discs were identified between 
cells in the graft region. Adjacent myofibers often had inti- 
mately apposed, interdigitating cell membranes. Occasional 
cells were identified with electron-dense membrane structures 
suggestive of intermediate adherens junctions and gap junc- 
tions (Fig. 2, C and D). Some mature myofibers were closely 
associated with mesenchymal cells, located within the basal 
lamina compartment of the myofiber. Their location within the 
basal lamina of the myofiber suggests that they might be new 
satellite stem cells (Fig. 2, E and F). Some of these mesenchy- 
mal cells had abundant rough endoplasmic reticulum, similar 
to fibroblasts. Cells with this morphology have also been de- 
scribed in regenerating skeletal muscle by Trupin et al. (15). 
Their location within the basal lamina of the myofiber and the 



absence of collagen in this space make it unlikely that these 
cells are actually fibroblasts. 

Myoblast grafts convert from fast to stow twitch fibers. 
The poor staining for MHC-fast in the 7-wk group with de- 
layed transplantation seemed at variance with the morphology 
of the grafts, which showed relatively hypertrophic cells with 
well formed sarcomeres. We hypothesized that the grafts had 
undergone fiber type conversion to slow twitch muscles, which 
no longer expressed high levels of MHC-fast. Slow twitch fi- 
bers have physiological similarities to cardiac muscle, includ- 
ing a high capacity for oxidative phosphorylation and fatigue 
resistance. Furthermore, slow fibers use (3-MHC as a major 
contractile protein, which is also the predominant myosin in 
developing rat hearts. In contrast, fast twitch fibers use glycol- 
ysis for ATP production, have a low aerobic capacity and fa- 
tigue rapidly, and do not express p-MHC (16). Therefore, we 
compared p-MHC expression with skeletal MHC-fast. to de- 
termine fiber types in the maturing grafts. 

At 1 wk the grafts stained intensely for MHC-fast (Fig. 3 A ) 
but did not stain with an antibody to fi-MHC (Fig. 3 B). Al 

2 wk the grafts continued to express MHC-fast. In the group 
transplanted immediately after injury no expression of fi-MHC 
was noted at 2 wk, yet in grafts transplanted I wk after injury 
some cells expressed (3-MHC (not shown). At 7 wk after trans- 
plantation the two groups differed in expression of MHC-fast, 
with strong staining in the immediate transplant group (see 
Fig. 1 G) and weak staining in the group where transplantation 
was delayed for 1 wk after injury (Fig. 3 C). However, both the 
immediate and delayed transplantation groups exhibited ex- 
tensive staining for (3-MHC at 7 wk after transplantation (Fig. 

3 D). At 3 mo there was continued expression of P-MHC and 
MHC-fast in the immediate transplantation group; we did not 
study the delayed transplantation protocol at 3 mo. Thus, myo- 
blast grafts appeared to be undergoing conversion from fast 
twitch to slow twitch fibers. Conversion appeared to take place 



lime. Hematoxylin and eosin slain. x800. (B) Low magnification of 1-d graft stained for embryonic MHC. The freeze-thaw lesion {Wound) oc- 
cupies approximately the upper 75% of the field, while residual subendocardial myocardium {Myo) is present in the lower 25%. None of the 
grafted cells express embryonic MHC. indicating no differentiation had laken place yet. Methyl green counterstain. x80. (C) 3-d graft. Multiple 
multinucleated myotubes (MT) are present. Note that myotubes are already aligned in parallel. The surrounding tissue contains numerous fibro- 
blasts (some of which may be of graft origin), macrophages, and capillaries , characteristic of granulation tissue. Two mitotic figures are present 
at the lower right {arrowheads). Hematoxylin and eosin stain, x 8007(0) 3-d graft stained for embryonic MHC. The multinucleated myotubes 
(MT) express embryonic MHC. indicated by brown staining. Note faint cross-striations present at the periphery of some myotubes {arrowheads}. 
Comparable staining was seen using antibodies to MHC-fast (not shown). Methyl green counterstain. *800. (£) 2-wk graft. Multinucleated my- 
ofibers are present and many have peripherally placed nuclei {arrows): most of these nuclei appear to be within the sarcolemma. although some 
may be immediately external. Cross-siriations were readily seen under the microscope but appear faini in the photograph. Hematoxylin and 
eosin staining. X800. (F) 2-wk graft stained for embryonic MHC. The myofibers of the graft stain vigorously for embryonic MHC. while the un- 
derlying granulation tissue (Wound) and subendocardial myocardium (Myo) do not stain. Methyl green counterstain. xSO. (G) 2-wk graft 
stained for fast fiber isoforms of MHC. There is intense staining of the engrafted myofibers (Graft), indicating that ihey exhibit a fast twitch phe- 
notype Note that the residual myocardium (Mvo) beneath the graft does not stain, nor does the granulation tissue of the injured reg.on 
(Wound) X80 (H) 7-wk graft stained for embryonic MHC The graft continues to stain vigorously for embryonic MHC. There is no staining in 
the underlying young scar tissue (Wound) or the residual subendocardial myocardium (Myo). Methyl green counterstain. x80. (/) 7-wk graft 
stained for cardiac MHC-a. The skeletal myofibers of the graft do not express MHC-ot, nor does the underlying scar t.ssue (Wound). This indi- 
cates that the grafted skeletal muscle does not show cardiac differentiation. The subendocardial myocardium (Myo) stains v lg orously for 
MHC-a Methyl green counterstain. X80. (J) 7-wk graft. Mature myofibers are present. Most myofibers have peripheral nuclei. Cross-stnations 
were readily apparent under the microscope, but again are faint in the photograph. Multiple capillaries are present within the muscle tissue (ar- 
rows). Hematoxylin and eosin stain. x800. (K) 3-mo graft. The myofibers (obliquely and cross-sectioned) have peripheral nuclei and are closely 
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scar was seen in one region of one heart. Hematoxylin and eosin stain. x800 
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Figure 2. Transmission electron micrographs of 2-wk-old myoblast graft. The graft was placed immediately after cardiac freeze-thaw injury. (A ) 
Low magnification overview showing well differentiated, striated skeletal myofibers (MF) within a colinaerwich matrix. A small venule, ( I- ) is 
shown at the left aspect. Nu, nucleus. Bar, 5 u,m\ (B) Moderately differentiated skeletal myofiber cnniiiininit two nuclei iXu 1. a modest comple- 




gap junction, shown at higher magnification in £>. Bar, I urn (D) Higher magnification of the junctional region boxed .n C. showing putative m- 
termediate junction between adjacent myofibers (solid arrow) and gap junction (open-arrow). Bar, 0.5 ^m. U) Skeletal myofiber (,\tp **.ih 
closely apposed mesenchymal cell atop it, suggestive of a satellite cell (SC). The boxed region is shown at higher magnification m F. Bar, 2 jrni. 



closely apposed mesenchymal cell atop it, suggests , . _ 

(F) Higher magnification of region boxed in £. The putative satellite cell (SC) and the myofiber (MF) are contained within the same basal lam- 
ina compartment (BL t outlined by arrowheads). Although the cell has abundant rough endoplasmic reticulum, its location within the basal lam- 
ina of the myofiber and the absence of fibrillar collagen from this space make it unlikely that this is a fibroblast. Bar. 1 u,m. 



more rapidly when cells were transplanted into an injury with istered for 24 h before time of killing in most groups; animals 

more advanced healing. in the day I group received a single pulse of BrdU 1 h betore 

Proliferation of myoblast grafts. To identify cells undergo- time of killing. Double immunostaining was performed with 

ing DNA synthesis, the thymidine analogue BrdU. was admin- antibodies to the fast isoform of MHC and to BrdU, to detect 
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countcretam. x960.(B)l-wkgrattsiaincawim ananuoouy w v rftll n»^«tiin x960 7-wk eraft stained with an antibody lo 

time, indicatin that the ce.ls show no character.^ oi ^^ A ^^™^^W W) 7-U graft stained with an antibody 



red counterstain. X2.400. 
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Figure 4. Contractile function 
of myoblast grafts ex vivo. 
Wound strips from injured 
hearts receiving either skeletal 
myoblasts or a sham saline in- 
jection were excised at 2 wk. 
Wounds were mounted on an 
isometric tension myograph in 
oxygenated buffer and electri- 
cally stimulated. The carats in- 
dicate the onset of electrical 
stimulation. Force has been 
normalized to cross-sectional 
area. (A) The first panel shows 
individual muscle twitch in a 
myoblast-injected wound. Note 
the rapid contraction and relax- 
ation rates. The second panel 
shows that individual twitches 
began to superimpose with a 
stimulation frequency of 4 Hz. 
with a resulting potentiation in 
developed tension. The third 
panel shows that tetanus was in- 
duced with stimuli 2: 7 Hz. Note 
the further increase in tension 
compared with the 4-Hz stimu- 
lation. Time to peak force in 
this preparation was ^ 1 s, 
faster than was typically ob- 
served for the overall group. 
The fourth panel shows that no 
tension was developed at any 
voltage in a sham-injected 
wound. This tracing is represen- 
tative of six wound strips from 
three sham-injected hearts. (#) 
Force-voltage relationship. De- 
veloped tension for individual 
twitches increased as stimuli in- 
creased from 30 to 100 V, indi- 
cating recruitment of addi- 
tional myofibers. Data have 
been normalized to maximal 
developed tension and are pre- 
sented as mcan±SEM of eight 
wound strips from six hearts. 
(C) Fatigue test. Wounds con- 
taining myoblast grafts were 
subjected to a cardiac-like duty 
cycle, consisting of repealed ep- 
isodes of 0.33 s of tetanus/0.67 s 
of rest, to mimic a heart rale of 
60 beats/min. There was a 53% 
decrease in developed tension 
at the end of the 6-min test. 
Note that most of the diminu- 
tion in force occurred during 
the first 3 min. Data represent 
mean±SEM of seven wound 
strips from five hearts. 



myoblasts which had proliferated and subsequently differenti- 
ated. In the day 1 grafts, proliferating cells were present within 
the necrotic lesion, which could have represented either graft 
cells or macrophages. As mentioned above, none of the cells 



expressed MHC at this time, so it was not possible to deter- 
mine which among these were myoblasts (versus transplanted 
fibroblasts or host macrophages). In the day 3 grafts, occa- 
sional BrdU-positive nuclei were identified within myosin-pos- 
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itive cells (Fig. 3 E). We observed a total of 12 such nuclei in 
three hearts. No attempt was made to quantify this low rate, 
but it was certainly < 1% of total nuclei in myosin-positive 
cells. Virtually no BrdU-positive nuclei were seen in myosin- 
positive cells at 1, 2, or 7 wk after transplantation (not shown). 
We conclude that myoblast proliferation occurs for at least 3 d 
after grafting, but by 1 wk virtually all cells have ceased repli- 
cating. 

Contractile function of myoblast grafts. The contractile prop- 
erties of 2-wk-old myoblast grafts were determined by attach- 
ing isolated wound strips to a tension myograph ex vivo. Virtu- 
ally no spontaneous mechanical activity was detected, consistent 
with the paucity of cardiomyocytes histologically. Electrical 
stimulation caused muscle twitches in six of eight myoblast- 
engrafted hearts (Fig. 4 A, first panel); strips from the remain- 
ing two hearts may have been damaged during sample prepa- 
ration, since skeletal muscle was present histologically. The 
grafts showed a stepwise increase in tension development as 
voltage was increased from 30 to ~ 100 V with a plateau there- 
after (Fig. 4 B). This indicates that increasing voltage recruited 
additional myofibers to contract, implying that the graft myofi- 
bers are electrically insulated from one another. It should be 
noted that cardiac muscle does not increase contractile force 
with increasing voltage, since cardiocytes are coupled electri- 
cally via gap junctions. 

Next, force-frequency relationships were determined, Us- 
ing 120% of the voltage required for maximal tension develop- 
ment, the frequency of stimulation was increased incremen- 
tally from 0,5 to 10 Hz. Twitches began to superimpose at 
frequencies of 3-4 Hz, with a resulting increase in total devel- 
oped tension (Fig. 4 A, second panel). Fully fused tetani were 
produced with 6-7 Hz stimulation (Fig. 4/t, third pane!). Peak 
force during tetanus was 1.98±0.45 grams (mean SEM); after 
normalization to cross-sectional area the peak force was 
0.72 ±0.14 grams/mm 2 . The time to peak tetanic force averaged 
2.3 ±0.3 s, although 90% of peak force was typically generated 
within 1.5 s. The time to half-relaxation after tetanus was 
240±17 ms. It should be stressed that tetanus cannot be in- 
duced in cardiac muscle, due to the long refractory period of 
cardiocytes. 

Finally, a fatigue test was performed to test the response of 
this muscle to a cardiac-like work load. The grafts were sub- 
jected to a duty cycle consisting of repeated 0.33 s of tetanic 
stimuli followed by 0.67 s of rest, mimicking a heart rate of 60 
beats/min. The grafts showed a 32% decline in developed ten- 
sion by 2 min and a 53% decline by the end of the 6-min test 
period (Fig. 4 C). No contractile activity could be elicited from 
six of seven wound strips from three injured hearts which re- 
ceived a sham injection of saline instead of myoblasts (Fig. 4 A , 
fourth panel). In one sham heart an adhesion had developed 
between the heart and chest wall, resulting in a small amount 
of intercostal muscle adhering to one of the two wound strips. 
In this preparation we detected a peak force of 0.04 grams/ 
mm 2 , < 2% of what was present in the myoblast-engrafted 
hearts. 

Thus, the skeletal muscle grafts could be stimulated to con- 
tract ex vivo and could sustain a cardiac-like duty cycle over a 
6-min test period. Furthermore, the grafts showed two physio- 
logical properties unique to skeletal muscle: recruitment of fi- 
bers with increasing voltage and the ability to sustain tetanic 
contraction. We do not know yet whether the grafts contract in 
vivo. 



Discussion 

The principal findings of this study are: (a) neonatal skeletal 
myoblasts can be grafted into an injured heart; (b) the en- 
grafted myoblasts initially proliferate and then begin to form 
multinucleated myotubes by day 3; (c) the myotubes differen- 
tiate into mature myofibers, which initially have a phenotype 
similar to fast twitch muscle; (d) the myofibers develop charac- 
teristics of slow twitch muscle as the wound heals; (e) the new 
muscle may form satellite stem cells; and (/) the new muscle 
can be stimulated to contract ex vivo. 

Strategies for muscle regeneration after myocardial injury. 
In principal, there are at least three strategies to induce muscle 
regeneration after myocardial infarction. First, the surround- 
ing cardiac myocytes could be stimulated to migrate into the 
wound and proliferate to repair the defect. There is evidence 
that a limited amount of cell replication by adult cardiocytes 
occurs naturally after myocardial infarction in humans (17) 
and in rats (18, 19), but the response is clearly not adequate to 
repair the defect. The factors responsible for cell cycle arrest in 
cardiocytes are not well enough defined at present to begin ex- 
ploring this as a therapy. (The interested reader is referred to 
references 20-23 for further information on this topic.) 

A second strategy is to induce the cells of cardiac granula- 
tion tissue (the fibroblast-rich tissue of wound repair) to differ- 
entiate into muscle rather than forming a scar. There is not 
enough known about cardiac differentiation at present to at- 
tempt formation of new myocardium. However, much more is 
known about skeletal muscle determination. The discovery of 
myogenic determination genes (24, 25) has made it possible to 
induce a wide range of cultured cell types to differentiate into 
skeletal muscle. Recent studies from our group (26) and others 
(27) have shown that cells in cardiac granulation tissue can be 
induced to differentiate into skeletal muscle by transfection 
with the prototype myogenic determination gene, MyoD. In 
these early experiments, however, the frequency of muscle dif- 
ferentiation has been low after MyoD gene transfer. Until the 
frequency of myogenic conversion can be increased, it will be 
difficult to investigate the functional properties of the MyoD- 
induced skeletal muscle. 

The third strategy for muscular repair of infarcts is to trans- 
plant either skeletal or cardiac myoblasts into the injured re- 
gion. Studies by Koh et al. (3) and Soonpaa et al. (2) have 
demonstrated that fetal cardiocytes will form intercalated discs 
with host cardiocytes. including gap junctions and adherens 
junctions, when transplanted into normal hearts. No prolifera- 
tion was detected in the grafted cardiocytes. Less information 
is available on grafting of cardiocytes into injured hearts. Our 
group (28) and others (29. 30) have preliminary data showing 
that neonatal rat or fetal human cardiocytes can be trans- 
planted successfully into injured rat hearts. To our knowledge 
there is no information regarding proliferation of these grafts, 
nor are any functional data available. As discussed above, the 
principal limitation to this approach is the inability to induce 
cardiocytes to proliferate in culture. Until cardiocytes can rep- 
licate in vitro, or proliferation-competent cells can be induced 
reliably to differentiate into cardiocytes, cardiocyte grafting 
will not be feasible in humans. 

In contrast to cardiocytes, proliferating skeletal muscle pre- 
cursors are readily available, either as primary myoblasts in 
developing muscle or as satellite cells from quiescent muscle. 
In this study six rat pups yielded the myoblasts implanted into 
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27 injured hearts. In addition to their growth in culture, the 
myoblasts proliferated in vivo for several days after transplan- 
tation (Fig. 3 £). These properties have led us and several 
other groups to explore skeletal muscle grafting for cardiac re- 
pair. Koh et al. (7) demonstrated that the myogenic cell line 
C2C12 could be transplanted into the hearts of normal synge- 
neic mice, where the cells fused to form multinucleated myofi- 
bers. The same group also demonstrated that C2C12 cells sta- 
bly transfected with a plasmid encoding active TGF-p could 
induce angiogenesis around the graft site (31). No coupling be- 
tween the host cardiocytes and the grafted skeletal muscle was 
observed in either experiment. 

Chiu et al. (8, 9) transplanted autologous satellite cells into 
cardiac freeze-thaw lesions in dogs. Comparable with our 
study, they also found that the grafts formed muscle cells 
within the healing lesion. In distinction to the current study, 
however, they hypothesized that their grafted skeletal muscle 
cells differentiated into cardiac muscle, via "milieu-dependent 
effects.'* The evidence for a cardiac phenotype was that some 
cells within the grafts had central rather than peripheral nuclei, 
and some cells contained refractile transverse structures under 
light microscopy interpreted to be intercalated discs. Although 
we observed some myofibers with persistent central nuclei in 
this study, as well as rare cells showing intermediate and gap 
junctions (Fig. 2, C and D), no intercalated discs were present 
by electron microscopy. More importantly, the grafted cells ex- 
pressed skeletal muscle-specific proteins and failed to express 
the cardiac-specific isoform MHC-ct up to 3 mo after trans- 
plantation. Thus, there clearly was no cardiac differentiation in 
this study. 

Conversion of grafts from fast to slow twitch muscle. Al- 
though the skeletal muscle grafts expressed the fast fiber iso- 
form of MHC at 1 and 2 wk, they expressed p-MHC, a marker 
for slow twitch fibers, at 7 wk and 3 mo. This indicates that the 
grafts were converting to slow twitch fibers. Conversion was 
apparently more rapid when the myoblasts were injected into 
wounds where healing had been allowed to progress for 1 wk, 
as opposed to immediately after injury. In the delayed trans- 
plantation model the grafts expressed p-MHC at 2 wk, while in 
the immediate transplantation model this protein was not de- 
tected until 7 wk. It is possible that the growth factors and cy- 
tokines present in the early wound delay myoblast differentia- 
tion and subsequent fiber type conversion. 

Slow fibers exhibit several important differences from fast 
fibers, including a slower shortening velocity, use of oxidative 
phosphorylation for ATP production, a higher mitochondrial 
content, a higher myoglobin content, and a much greater resis- 
tance to fatigue (16. 32). An interesting parallel is that the 
latissimus dorsi muscle also undergoes fiber type switching 
when it is conditioned for dynamic cardiomyoplasty. Cardio- 
myoplasty is an experimental therapy for heart failure, where 
skeletal muscle is wrapped around the heart to serve as a ven- 
tricular assist device (33). Untrained latissimus dorsi is a mixed 
fiber type muscle which fatigues rapidly with repeated stimula- 
tion. When conditioned by repeated electrical stimulation for 6 
wk before surgery, however, the latissimus dorsi converts en- 
tirely to slow twitch fibers and becomes fatigue resistant (6). 
Only the conditioned, slow twitch muscle is able to assist car- 
diac function. This parallel suggests the intriguing possibility 
that repeated electromechanical stimulation leads to activation 
of the slow fiber phenotype. Since we did not test whether the 
environment of the heart contributed to fiber type conversion, 



additional experiments will be required to determine the 
mechanism. The fact that the grafts differentiated into slow 
twitch fibers suggests that they may be suited to perform a car- 
diac type work load. 

Will skeletal muscle transplantation augment cardiac func- 
tion? This study definitively showed that myoblast grafting 
can generate new contractile tissue. The skeletal muscle grafts 
exhibited characteristic twitches when stimulated ex vivo (Fig. 
4 A) and showed recruitment of contractile units with increas- 
ing voltage (Fig, 4 B). Furthermore, tetanus could be induced 
with rapid stimulation (Fig. 4 A, second and third panels), and 
the grafts could perform a cardiac-like duty cycle for 6 min 
(Fig. 4 C). Peak force during tetanus averaged 0.7±0.1 grams/ 
mm 2 . Since the wound strips contained < 50% of the myofiber 
content of normal muscle, due to inclusion of scar tissue, the 
force can be normalized to at least 1.4 grams/mm 2 muscle. 
Adult mammalian muscle can generate 15-35 grams/mm 2 
force at tetanus, depending on fiber type (14, 34). Thus, the 2-wk 
grafts generated ~ 4-10% of the predicted force for mature 
skeletal muscle. Several factors may cause a lower than pre- 
dicted force, including the relative immaturity of the 2-wk my- 
ofibers, stretching of the immature extracellular matrix, poor 
cell matrix attachments, or misalignment of some fibers rela- 
tive to the axis of the wound strip. 

Although preliminary, these results are encouraging and 
suggest that more detailed studies of contractile function are 
warranted in skeletal myoblast-engrafted hearts. A critical 
question is whether the skeletal muscle grafts contract in vivo. 
To provide coordinated mechanical assistance, the grafted 
cells ideally should form electrical and mechanical junctions 
with the host myocardium. In our grafts the skeletal muscle 
cells were insulated from the remaining myocardium by scar 
tissue, so there was no opportunity for myofiber-cardiocyte 
coupling to occur. Koh et al. (7) transplanted C2C12 myoblasts 
into normal mouse hearts and observed no cell junctions be- 
tween grafted myofibers and host cardiocytes by electron mi- 
croscopy. Although proliferating myoblasts have been reported 
to synthesize both gap junction proteins (35) and A/-cadherin 
(36, 37), these proteins are typically absent from adult skeletal 
myofibers. By electron microscopy we observed evidence both 
for intermediate and gap junction formation between skeletal 
myofibers 2 wk after grafting (Fig. 2, C and D). This finding 
was infrequent, however, and it is unknown whether such junc- 
tions would persist in longer term grafts. IE skeletal muscle will 
not couple spontaneously with cardiac muscle, it is possible 
that such junctions could be induced by stably transfecting 
skeletal muscle cells with genes for cardiac junctional proteins. 
Another possibility is that skeletal muscle grafts could be elec- 
trically paced in synchrony with the cardiac cycle. Pacing 
would require sufficient voltage to activate all of the fibers, 
and currently it is unknown whether this would have a delete- 
rious effect on the surrounding myocardium. 

In the uninjured heart there is a complex fiber geometry, 
where the outer fibers run in the long axis, the midwall fibers 
run in the short axis, and the inner fibers again run in the long 
axis. This geometry is established during embryogenesis and is 
thought to be important for mechanical efficiency. In this 
study, the grafted myofibers were predominantly aligned with 
the short (transverse) axis of the heart. Alignment was noted 
as early as day 3, when myotube formation was prominent 
(Fig. 1 Q. This is the same orientation that wound fibroblasts 
and collagen fibers acquire during wound healing, and it seems 
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likely that all are aligned by local mechanical forces. It is not 
known whether alignment with the heart's short axis will influ- 
ence the ability of these myofibers to restore mechanical func- 
tion after injury. 

There are two aspects of skeletal muscle which theoreti- 
cally could make it superior to cardiac muscle for infarct re- 
pair. First, skeletal muscle is much more resistant to ischemia 
than cardiac muscle. Skeletal muscle can withstand many 
hours of severe ischemia without becoming irreversibly in- 
jured, whereas in myocardium irreversible injury begins within 
20 min (38). A second difference is that skeletal myoblast 
grafts might establish satellite cells. Satellite cells are the resi- 
dent stem cells in skeletal muscle and proliferate in response to 
injury. Once activated, satellite cells can fuse with damaged 
myofibers or establish new myofibers to replace those lost to 
necrosis. We observed cells within 2-wk grafts which were 
morphologically consistent with satellite cells by electron mi- 
croscopy (Fig. 3, £ and F). Thus, it is possible that infarcts re- 
paired with skeletal myoblasts might become more resistant to 
a subsequent episode of ischemia or might be able to replace 
myofibers damaged by ischemia. 
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Progenitor Cell Transplantation and Function following 
Myocardial Infarction 

VOLUME: 17 PUBLICATION DATE: Jul 01 2005 

Issue Number: 
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William O'Neill: I have a couple of questions for both of you. First, we are essentially talking about adult, 
autologous stem cells. As you all know, there is enormous controversy in the U.S. about the use of 
embryonic stem cells which we are currently prohibited from using. From a dispassionate, basic scientific 
approach, do you think there's an advantage to using embryonic stem ceils, or will adult stem cells be 
sufficient in terms of their ability to replicate and cause myogenesis? 

Peter Gonschior: After examining the data from experiences in other fields with vascular cells and their 
biological functions, I don't think there is a need for embryonic stem cells. The bone marrow cells appear 
to be very robust; even the non-randomized European trial data show that with a not-so-profound 
approach, it is possible to obtain positive effects. Due to the political scenery in Europe. I don't think it 
would be possible to conduct large clinical trials using embryonic stem cells. 

Slgrid Nikol: I think we should first try to optimize the strategies using autologous cells due to the ethical 
concerns. Due to these restrictions, there is not currently much proof available that embryonic stem cell 
therapy is that much better or even less risky. We know that these celis can differentiate, which means 
that they could differentiate into undesired cells as well. Thus, given the legal restrictions at present, we 
should stick with what we can do and try to make the best of it. 

William O'Neill: Another key issue that arises from a clinical standpoint is that of direct injection versus 
intra -arterial or intravenous infusion. Do we know yet which would be the most efficient way — if the 
appropriate cell were to be found — to deliver the cells for the most efficient myogenesis? 

Peter Gonschior: Sigrid and t have a lot of experience with local drug delivery. Efficiency of local drug 
delivery is in fact very low. It would be very smart to just inject the cells intravenously. But one critical 
issue with all of these data is that delivery efficiency, whether systemic or local, is very low. In fact, it 
turned out that endocardial delivery of these cells was the most efficient, resulting in the largest number 
of injected cells — up to about 30 million. 

William O'Neill: The problem I have is that the stem cells are very sensitive to hypoxia; they need an 
oxygenated environment in order to thrive. Thus, if these cells are injected into a core infarct area, it will 
likely be hypoperfused and the ambient oxygen tension in that area may not be sufficient to support those 
cells. Sigrid, your experience involved a permanent ligation, right? 

Sigrid Nikol: Actually, there were two sets of animals, but I only showed you those with the permanent 
ligation because there are currently more data on them. We also have a reperfusion model from 30 
minutes after opening up the vessel. 

William O'Neill: Did you find in the reperfusion model that there was any more myogenesis efficiency? 

Sigrid Nikol: We perform stem cell therapy via bone marrow stimulation (not cell injection). At the 
moment, we do not have sufficient data on the reperfusion model. The problem is that when genes or 
cells are injected into the vessels, why should they pass the endothelium and migrate into the tissue 
where they are needed? It is very unlikely to happen, unless there is injured tissue. And with the venous 
application, there are the first-pass effects in the lungs and liver on top of it. These findings are not very 
convincing in my opinion, including the data from the Strauer group which lacked a truly randomized 
control group. The problem with intramyocardial injections into infarcted areas is a real one, as you 
stated, in that there is no blood/oxygen supply and potentially arrhythmogenic foci are created. Also, 
there may not be a homogeneous distribution of cells — an issue that has already been discussed with 
regard to gene therapy for the myocardium. Specifically, the question had been raised regarding how 
homogeneous gene therapy in the myocardium can be achieved without creating arrhythmias. With stem 
cells, this may be an even more important issue, as has been demonstrated in the work by Menasche et 
al. 

William O'Neill: It seems to me that a highway is needed to get the cells to the tissue, and that's why we 
have been considering autoinfusion or direct intracoronary infusion of the agents, because in the 
reperfusion model, at least if there's an intact vascular structure, then the environment will be ambient 
and oxygenated until the cells can engraft. But my question is: Why would those cells stay at that target 
site? Also, we are lacking basic scientific understanding of the signals that allow the stem ceils to hone in 
on that particular tissue. Since stem cells could potentially be coming in from the systemic circulation, we 
need to come up with a honing material that could be injected into the infarcted area and would allow the 
stem cells to accumulate there. We are moving forward in this field. 

At the 2003 AHA meeting, data from the late-breaking BOOST trial were presented. It was, I think, a very 
well-conducted randomized trial involving 60 patients with placebo versus bone marrow infusion arms. 
The results showed a statistically significant increase in ejection fractions in the active treatment group 
compared with the placebo group. TOPCARE was a terrific study, but it was a sort of historical control 
study. Thus, we are beginning to accumulate data that suggest there is some merit to this approach. 
Let me turn this question over now to the other panelists. Matt Poliman, from Guidant Corporation, is on 
the panel. Matt, is there business potential in this field? 

Matt Poliman: That's a great question. Bill. As a clinician and a scientist, this area is extremely 
provocative and intriguing, particularly the data from the BOOST and TOPCARE myocardial infarction 
trials. There is an aggressive movement to push these trials out into more randomized, controlled, 
multi-center arenas. The issue for a company such as Guidant is what we can bring to the table and 
whether there is business potential in this area. Confidentiality, of course, prevents me from saying too 
much here, but there certainly appear to be business opportunities for companies like ours. We believe 
that it will require a very safe delivery system that can be applied to a wide range of patients. The cells 
clearly need to be delivered at least very close to the target site in order to successfully do their job. In 
that light, an intracoronary infusion strategy raises questions about how to allow enough time for the cells 
to adhere, to transmigrate, enter the tissue and do their job. There is room for improvement in the 
delivery systems, and that's what Guidant is looking into. The TOPCARE acute myocardial infarction 
study headed up by Andreas Zeiher in Frankfurt uses a simple syringe injection system loaded with 10 cc 
of bone marrow, 3 cc of which is applied to the coronary arteries. The patients are then allowed to be in 
an unreperfused state for 3 minutes to allow the cells to do their job. Often, the limiting factor is that the 
patients complain of chest pain during the unreperfused state. Thus, there are opportunities to improve 
the current infusion protocol. 

William O'Neill: We have been looking at it in a two-prong fashion, with a lot of interest in basic science 
on one end, and in clinical trials on the other end. As for the United States, if bone marrow is taken from 
a patient and then reinjected, the FDA considers it non-homologous use. even though it is not a drug or a 
commercial compound. The U.S. FDA regulations on stem cell use do not cover autologous use of these 
cells. Unfortunately, thus, this entire field has become embroiled in the embryonic stem cell and abortion 
debates. As a result, the FDA is incredibly cautious about allowing embryonic stem cell use. The FDA 
regulations state that if the stem cells are taken and not manipulated, and then reinjected, it falls outside 
of the FDA's authority. At the 2003 TCT meeting, the FDA representative specifically stated that if any 
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Regeneration of Human Infarcted Heart 

Muscle by Intracoronary Autologous Bone Marrow 

Cell Transplantation in Chronic Coronary Artery Disease 

The IACT Study 

Bodo E. S trailer, MD,* Michael Brehm, MD * Tobias Zeus, MD,* Thomas Bartsch, MD,* 
Christina Schannwell, MD,* Christine Antke, MD,t Rudiger V. Sorg, PhD,* Gesine Kdgler, PhD,* 
Peter Wernet, MD,t Hans-Wilhelm Muller, MD,t Matthias Kostering, MD* 
Dusseidorf, Germany 

OBIECflVES Stem cell therapy may be useful in chronic myocardial infarction (MI); this is conceivable, but 

not yet demonstrated in humans. 
BACKGROUND After acute MI, bone marrow-derived cells improve cardiac function. 
METHODS We treated 18 consecutive patients with chronic Ml (5 months to 8.5 years old) by the 

intracoronary transplantation of autologous bone marrow mononuclear cells and compared 

them with a representative control group without cell therapy. 
RESULTS After three months, in the transplantation group, infarct size was reduced by 30% and global 

left ventricular ejection fraction (+15%) and infarction wall movement velocity ( + 57%) 

increased significantly, whereas in the control group no significant changes were observed in 

infarct size, left ventricular ejection fraction, or wall movement velocity of infarcted area. 

Percutaneous translurninal coronary angioplasty alone had no effect on left ventricular function. 

After bone marrow cell transplantation, there was an improvement of maximum oxygen 

uptake (Vo 2maxf +11%) and of regional 18 F-fluor-desoxy-clucose uptake into infarct tissue 

(+15%). 

CONCLUSIONS These results demonstrate that functional and metabolic regeneration of infarcted and 
chronically avital tissue can be realized in humans by bone marrow mononuclear cell 
transplantation. (J Am Coll Cardiol 2005;46:1651-8) © 2005 by the American College of 
Cardiology Foundation 



Cardiac performance after myocardial infarction (MI) is 
compromised by ventricular remodeling, which represents a 
major cause of late infarct-related chronic heart failure and 
death (1,2). Although conventional drug therapy (e.g., with 
beta-receptor blockers and/or angiotensin-converting en- 
zyme inhibitors) may delay remodeling, there is no basic 

See page 1659 



therapeutic regimen available for preventing or even revers- 
ing this process. By the use of interventional therapeutics 
(percutaneous transluminal coronary angioplasty [PTC A], 
stent), recanalization of the occluded infarct-related artery is 
possible, thereby improving or normalizing coronary blood 
flow. However, despite sufficient reperfusion of infarcted 
tissue, the viability of the infarcted myocardium cannot, or 
can only insufficiently, be improved in most of these patients 
(3). Therefore, catheter-based therapy of acute MI is useful 
for vascular recanalization, but the second and crucial step, 
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the regeneration of necrotic heart muscle, is not realized by 
this vascular procedure alone. 

Experimental (4) and clinical (5,6) studies have shown 
recently for the first time that bone marrow mononuclear 
cells (BMCs) may regenerate damaged myocardium in acute 
MI in humans. Because the regenerative potential of bone 
marrow-derived cells ought also to be expected to exist in 
chronically ischemic heart disease as well (7-12), we have 
assembled in an ongoing clinical investigation 18 patients 
with chronic MI to prove this new therapeutic possibility. 

METHODS 

Study population. All 18 patients (49 ±11 years) were 
men and were recruited consecutively from January 2003 
until March 2004. They had had transmural MI 27 ± 31 
months before, at which point all infarcts had been treated 
acutely by PTCA and/or stent implantation (Tabic 1 , Fig. 1). 

The inclusion criteria were age <70 years, one- vessel 
disease with an open infarct-related artery at the time of 
stem cell therapy, sinus rhythm, a clear-cut demarcation of 
the vcntriculographic infarct area, and no coronary bypass 
surgery. General exclusion criteria were severe comorbidity 
and alcohol or drug dependency. Although chronically 
infarcted myocardium usually does not regenerate sponta- 
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Abbreviation* and Acronyms 



BMC 
CPK 
ECG 
LV 
Ml 
PET 
PTCA 



' bone marrow mononuclear cell 
= creatine phosphokinasc 
— electrocardiogram 
~ left ventricular 
~ myocardial infarction 
= positron emission tomography 
= percutaneous transluminal coronary 
angioplasty 
Tx group = transplantation group 



neously, for comparison a control group, parallel to the 
reenntrnent of the stem cell transplantation group (Tx 
group), was recruited and analyzed, meeting the same 
inclusion criteria as the stem-cell group. The recruitment of 
patients was performed according to a randomization pro- 
cedure m which all patients of the entire chronic infarction 
group were distributed to the treatment group, where they 
agreed with ail the therapeutic regimen. Alternatively, aU 
patients of the chronic infarction group who refused the 
therapeutic regimen (bone marrow puncture and aspiration 
intracoronary cell transplantation, and another cardiac cath- 
eterization) were allocated to the control group. All medi- 
cations with angiotensin-converting enzyme inhibitors and 
with beta receptor blockers were maintained constant dur- 
ing the study period. 

The cell-treated patients had stable ventricular dynamics 
for infarct size, ejection fraction, and wall movement velocity 
of infarcted area at least 9 ± 6 months before cell transplan- 
tation. Infarct size at the time of cell therapy showed an 
amount of 27 ± 8% of the circumference of the left ventricle 

[LV), determined by ventriculography, j j" i • . a " ' *" wcrc 

Preparation of BMCs. One day before cell theranv knn, 7?7 7 mt ° ,nfarcted ™™ ^ough the infarct- 

-~ - - esc „ L iU < itt £r«: 
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nuclear cells were isolated and identified including CD34- 
posmve cells ACl33-positive cells and CD45/CD14 „ C|r - 
anve cells (6). The cells were isolated under goo* 
manufacturing practice conditions by Ficoll density separa- 
tion on Lymphocyte Separation Medium (Bio VVhirtaker 
Walkersvdle, Maryland), before the residual eryth robes' 
were lysed with H 2 Q For overnight cultivation^! xTo< 
BMCs/ml were placed in Teflon bags (Vuelife. Cell Gcnix 
Garthersburg Maryland) and cultivated in X-Vivo IS Me- 
dium (Bio Whittaker) supplemented with 2% heat- 
inactivated autologous plasma. The next day. BMCs were 
harvested and washed three times with heparinized saline 
before final rcsuspension in heparinized saline. Viability was 
PAT mli Hc P ann | z » tion and «t«tion (ceU strainer. 
FALCON) was carried out to prevent cell clotting and 
rmcroembohzation during intracoronary transplantation 
These cells were used for therapy. All microbiologic tests of 
the clinically used cell preparations proved negative. All 
patients received extensive information about the procedure 
which was approved by the ethical committee of our 
university, and aU gave written informed consent 
Administration of BMCs. Following assessment of base- 
ine examinations (coronary angiography, left ventricu- 
lography, spiroergometry, 99m Tc-tetrofosmin single- 
photon emission computed tomography (SPECT) and 
F-fluor-deoxy-glucose ( 18 F-FDG) positron emission 
tomography (PET), cell transplantation was performed 
via the intracoronary administration route (6.13) using 
four to six fractional infusions parallel to balloon inflation 
over 2 to 4 min of 3 to 5 ml of cell suspension, each 
containing IS to 22 X 10 6 mononuclear cells. All cells were 
infused direcdy into the infarcted zone through the infarct- 
related arterv via an onmrmi****, u„n ... 



No. of patients 
Age, yrs 

Transmural myocardial infarction, months before Tx 
Coronary angiography 

LAD/LCX/RCA as affected vessel 

No. of patients with stent implantation 
Risk factors 

Diabetes mellitus, % 

Positive family history, % 

Smoker and ex-smoker, % 

Hyperlipoproteinemia, % 
Medication 

Beta-blocker, % 

Angiotensin-converting enzyme inhibitor, % 
Statin, % 
Laboratory parameters 
CPK, U/l 

Bone marrow mononuclear cells, n (Mfx) 
i arc mean 



Tx Group 




P 


18 


18 




49 ± 11 


52 ± 10 


NS 


27 ±31 


30 ± 34 


NS 


16/0/2 


10/3/5 




16 


17 


NS 


16 


11 


NS 


44 


33 


NS 


67 


56 


NS 


89 


94 


NS 


94 


89 


NS 


94 


89 


NS 


94 


100 


NS 


1,504 ± 979 


1,489 :£ 952 


NS 


90 





Values arc mean :♦: SD or number of patients ~~ ~ ~ 



JACC Vol. 46, No. 9, 2005 
November 1 ( 2005:1651-8 



— Strauer et ai. 1653 

Regeneration of Infarction by BMCs In Chronic CAD 



Acute Infarct 
27 ± 31 Months 
before Tx 



<§>- 



Investigation 1 
9*6 Months 
before Tx 



<3> 



Balloon angioplasty 
or stent for therapy 
of the acute Infarct 



Cardiac catheterization 
coronary angiography 
Infarct artery open, 
or Re-PTCA 



Investigation 2 



Investigation 3 




n=18 



Control Group C5) 



n=18 



Stem Cell Therapy 



Cardiac 
cfithetertzatlon 
coronary angiography 
Infarct artery open 



t 



Cardiac 
catheterization 
coronary angiography 



Bone marrow puncture 
Stem cell Tit 

^nL?« ia ^T^7T^ Cntori t n tf C ^rt,™ °/ intraCOronar > r stcm cdl *«Py fT«) in chronic ischemic he an disease after myocardial infarction. 
The infarcts occurred 27 ± 31 months before Tx. All infarct patients were treated with percutaneous transluminal coronary angioplasty (PTCA) or with 
stent implantaoor.9 ± 6 months before (invention 1) coronary angiography (including quantitative left ventriuclography) was performed. If re'stcLs 
was present, re-PTCA was made. Investigation 2 embraces all patients for the evaluation of coronary morphology arW^CA/stent. Only patients with 
an open infarct -related artery were included in both groups. Patients who agreed to Tx received within 10 days after investigation 2 bone marrow punctures 
and Tx by the .ntracoronar, ^administration route and had altogether five invasive investigations, including two for therapeutic reasons (nos. 0 and l) 
Patients who were not eligible for Tx (disagreement with bone marrow puncture and with subsequent Tx) served as a control group. Investigation 3 
represents all follow-up measurements 3 months after Tx (Tx patients) or after investigation 2 for control group patients 



the previously stented coronary segments. This prevented 
backflow of cells and produced stop flow beyond the site of 
balloon inflation to facilitate high-pressure infiltration of 
cells into the infarcted zone. Prolonged contact time for 
cellular migration was also enabled. Three months after 
catheter-guided cell transplantation, all functional tests were 
repeated, including coronary angiography and left ventricu- 
lography. There were no procedural or cell-induced com- 
plications, and there were no side effects in any patient. 
Spiroergometry. Aerobic exercise capacity was examined 
before (<10 days) intracoronary cell transplantation and 
three months later during follow-up. All patients (n = 18) 
were subjected to initial bicycle spiroergometry to assess 
their functional fitness and to determine the limit of safe 
intensity of exercise. We chose a protocol with an intensi- 
fied workload up to the symptom -limited maximum (basic 
load of 50 W, intensification at 25 W, 2-min duration of 
each workload step). We determined the anaerobic thresh- 
old for prescribing a suitable load intensity. During the 
whole spiroergometry, monitoring by a 12-lead electrocar- 
diogram (ECG) was carried out. The exercise capacity was 
assessed on the basis of maximum load levels expressed in 
watts (W ma J and maximum peak oxygen uptake (Vo 2max ). 
Coronary angiography and left ventriculography. Coro- 
nary angiography and biplane left ventriculography were 
performed 9 + 6 months before cell transplantation and also 
a second time, within 10 days, immediately before cell 
therapy. The therapeutic follow-up was three months after 
the treatment. Thus, stable baseline conditions were docu- 
mented (coronary vessel involvement, ventricular function, 
and geometry). Cardiac function was evaluated by left 



ventricular (LV) ejection fraction and by auxotonic myocar- 
dial contractility index, evaluated by the wall movement 
velocity of the infarcted area. The infarct size was calculated 
according to the method of Sheehan (14) by plotting five 
axes perpendicular to the long axis of the heart in the main 
akinetic or dyskinetic segment of the ventricular wall. 
Systolic and diastolic lengths were then measured by two 
independent observers, and the mean difference was divided 
by the systolic duration in seconds. 

Quantification of coronary stenosis (restenosis). Cineco- 
ronarangiograms were obtained during stem cell transplan- 
tation and at three months thereafter according to standard 
acquisition guidelines. The angiograms were evaluated by 
two independent observers and quantitative analysis was 
performed (15). Standard morphologic criteria were used to 
characterize the complexity of baseline lesions. The user- 
defined reference diameter proximal to the stenosis and the 
minimal luminal diameter within the culprit of the stenosis 
were used to calculate the percentage of stenosis. A value of 
0 mm was assigned for the minimal luminal diameter in case 
of total occlusion at baseline or follow-up. Restenosis was 
defined as ^50% stenosis of the initial target lesion at 
follow-up. Calculations of restenosis were performed in 
both groups, with and without stem cell therapy, in the 
same way, thus enabling evaluation the differential effects of 
PTCA-guided cell therapy and of PTCA effects alone. 
Ventricular function after PTCA in the control group. 
For the evaluation of a potential effect on the PTCA 
intervention itself on LV function, all patients in the control 
group were analyzed with regard to infarct size, ejection 
fraction, and infarction wall movement velocity. 
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Nuclear cardiologic investigations (PET and SPECT). 

l8 F-FDG-positron emission tomography ( I8 F-FDG PET) 
was performed with a Scanditronix SCX 4096 WB-Scanner 
(FWHM = 6 mm transaxial, axial field of view = 4.6 cm). 
Patients received an oral glucose load of 1 g/kg body weight 
80 ± 30 min before the intravenous application of 
FDG (380 ± 60 MBq). The 18 F-FDG was administered at 
the time of decrease of blood glucose level <130 mg/dl. An 
initial transmission scan was obtained using a 68 Ga-filled 
pin source to correct the subsequent emission scans for 
attenuation. The data acquisition was started 45 min after 
administration of FDG. Image data were recorded with a 
256 X 256 matrix in 3 consecutive bed positions over 15 
min per position. The data were reconstructed back- 
projected with a Hanning filter (5 mm). 
99m Tc-tetrofosmin SPECT. Sixty minutes after intrave- 
nous injection of 600 ± 140 MBq of the perfusion-marker 
99m Tc-tetrofosmin under a "rest" condition, the images 
were obtained using a SPECT scanner with double-head 
detector (PRISM 2000, Marconi/Phillips), a low-energy, 
high-resolution collimator, and a 128 X 128 matrix. Image 
data were collected over 360° at 3° every 30 s. The images 
were reconstructed backprojected with a low-pass filter 
(order 12, cutoff 0.2). 

PET and SPECT evaluation* Normalized values for 
FDG uptake and perfusion were calculated by comparing 
regional with maximum tracer uptake on the reconstructed 
images. Wc performed a regional analysis of glucose me- 
tabolism and perfusion using a set of standardized, individ- 
ually adjusted circular regions of interest (diameter 18.06 
mm, surface 256 mm 2 ). The reconstructed metabolic and 
perfusion images were realigned for each patient (MPI- 
Tool, version 3.0; Advanced Tomo Vision, Erftstadt, Ger- 
many) and were resliced according to cardiac axis (short-axis 
and horizontal and vertical long-axis views). The regions 
were positioned immediately neighboring, with no overlap, 
according to an overlay of the co-registrated metabolic and 
perfusion images. The regions covered the infarct lesion as 
well as normal myocardium. In this way, we generated 
templates of regions for each patient, which could be used 
for the evaluation of metabolism and perfusion, before and 
after BMC transplantation without further modification. 
According to Segall et al. (16), regions with a normalized 
FDG uptake <50% were rated as transmural scar and 
regions with an uptake of 50% to 60% as non-transmural 
scar. 



Further analysis was restricted to regions with FDG 
uptake <60% in the PET scans, pursuant to our intention 
to focus on the effects of BMC transplantation on scar 
tissue. 

Safety parameters. To assess any inflammatory response 
and myocardial reaction after cell therapy, white blood cell 
count, the serum levels of C-reactive protein (CRP) and of 
creatine phosphokinase (CPK) were determined immedi- 
ately before as well as after treatment. Additional analysis was 
done directly after transplantation and three months later: 
ECG at rest, 24-h Holter ECG, and echocardiography. 
Statistical analysis. All data are presented as mean ± SD. 
Statistical significance was accepted when p < 0.05. Intra- 
individual comparison of variables of investigation 1(9±6 
months before cell transplantation for Tx group, 9 ± 5 
months before investigation 2 for control patients) and 
investigation 2 (<10 days before cell transplantation for Tx 
group, no transplantation for control patients) and of 
variables of investigation 2 and follow-up investigation 3 (3 
months after cell therapy for Tx group, 8 ± 5 months after 
investigation 2 for control patients) was performed using 
Wilcoxon rank-sum test. The missing values (Tabic 2) were 
omitted and not calculated for statistical analysis. The 
p values (by analysis of variance) have been given for L V 
ejection fraction, area of infarction, and infarction wall 
movement velocity. Statistical analysis was performed with 
SPSS-Windows 10.1 software. 

RESULTS 

Three months after intracoronary cell therapy, the infarct 
size was reduced by 30%, whereas the global LV ejection 
fraction increased by 15% and regional infarct wall move- 
ment velocity by 57% (Tables 2 and 3). In parallel, the 
clinical performance improved (Tabic 4), as evidenced by a 
higher work load demonstrated by a 11% increase in 
maximum oxygen uptake (Vo 2max ). SPECT investigation 
presented enhanced tetrofosmin uptake in the infarcted 
zone by 5%, and PET examination showed enhanced 
glucose uptake in the infarcted zone by 15%, demonstrating 
regeneration of formerly avital, chronically infarcted heart 
muscle (Fig. 2). An unchanged or even impaired LV 
function was not observed in any patient. 

In the control group (18 patients with chronic MI, but 
without stem cell therapy) no significant changes were 
observed in infarct size, LV ejection fraction, or wall 



Tabic 3. Cardiac Parameters in the Transplantation Group and in Con trol Group at the Three Investigation Time Points 

Area of Infarction, % LV Ejection Fraction, % Infarction Wall Movement Velocity, cm/s 

Control Control Control 

Group Tx Group p Value* Group Tx Group p Value* Group Tx Group p Value* 

Investigation 1 25 ± 9 26 ± 7 0.99 53 + 10 53 ± 8 0.87 1.95 ± 0.66 1.80 ± 0.63 0.57 

Investigation 2 27 ± 9 27 ± 8 0.83 51 ± 10 52 ± 9 1.00 1.88 i 0.76 1.86 ± 0.70 0.94 

Investigation 3 26 ± 9 19 ± 9 0.02 52 ± 10 60 ± 7 0.02 1.91 ± 0.79 2.92 ± 0.91 0.001 



'Analysis of variance. 

Abbreviations as in Tabic 1. 
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movement velocity of the infarcted area (Figs. 3A to 3C). 
Electrocardiogram at rest and on exercise and 24-h Holter 
ECG revealed no rhythm disturbances at any time point. 
Only 1 patient (from 18 cell-treated patients, 6%) developed 
relevant restenosis due to quantitative angiographic criteria. 
The restenosis could be treated adequately by stent implan- 
tation. The other 17 patients showed good patency rates 
without restenosis after PCI and cell transplantation. They 
also revealed no alterations in LV function 8 ± 5 months 
after PTCA. 

There was no inflammatory response or myocardial reac- 
tion (white blood cell count, CRP, CPK) after cell therapy, 
despite a moderate increase in CRP (before cell transplan- 
tation 0.58 ± 0.48 mg/dl, after cell transplantation 1.07 ± 
0.73 U/l, p = 0.002), which is usual after bone marrow 
puncture and/or cardiac catheterization. 

DISCUSSION 

The results of these investigations demonstrate, for the first 
time, that the intracoronary transplantation of autologous 
bone marrow mononuclear cells may reduce infarct size and 
improve LV function as well as myocardial glucose uptake 
in chronic ischemic heart disease attributable to chronic MI 
(5 months to 8.5 years old). Infarct size decreased in all 
patients and cardiac performance (ejection fraction, wall 
movement velocity of infarcted area, maximum oxygen 
uptake, and exercise tolerance) and myocardial metabolism 
(FDG-PET) improved, all being between 11% and 57%. 
Furthermore, it is noteworthy that there were no compli- 
cations immediately or three months after cell transplanta- 
tion, especially that there was no cardiac arrhythmia and no 
signs of cardiac or systemic inflammation were present. 

Lateral 



The effects of stem cell transplantation on infarct size, 
cardiac function, and contractility demonstrate significant im- 
provement of these three parameters in the therapy group 
(before and after stem cell therapy) as well as in the comparison 
between the stem cell therapy group and the control group, 
thus giving evidence for a beneficial therapeutic effect of stem 
cell therapy on cardiac performance in chronic MI. 

Patients in both the stem -cell group and the control 
group were recruited in parallel to each other and consec- 
utively between January 2003 and March 2004. They all 
(n = 36) fulfilled the same inclusion criteria. Thus, 
representative patient characteristics were present for the 
stem cell group (n = 18) and the control group (n = 18) 
as well as in comparing both of them. Moreover, two 
subsequent investigations before stem cell transplantation 
have been performed for each patient: investigation 1 and 
2 demonstrated the stability of LV dynamics before cell 
therapy (9 months respectively 10 days before transplanta- 
tion) and investigation 3 compared the effects of stem cell 
therapy with the control group. The stable hemodynamics 
during the preceding 9 ± 6 months before stem-cell therapy 
and the stable hemodynamics within the control group at all 
three points of investigation underline the significant alter- 
ations of the left ventriculography- derived parameters in- 
vestigated after stem cell transpantation. 

The regenerative potential of bone- marrow- derived stem 
cells may be explained by any of four mechanisms: 1) direct 
cell differentiation from mononuclear cells to cardiac myo- 
cytes (17), 2) cytokine-induced growing and increase of 
residual viable myocytes, especially within the border zone 
of the infarcted area (18), 3) stimulation of intrinsic myo- 
cardial stem cells (endogenous stem cells) (19,20), and 4) 




Figure 2. Representative illustration of ,8 F- FDG -positron emission tomography (PET) before (above) and 3 months after (below) cell therapy in the 
transversal (left) and longitudinal (right projection) in a 30-year-old male patient with an 8-month-old antcroapical infarction. Note the restoration of 
glucose uptake (below) within the infarcted area of the formerly completely a vital antcroapical myocardium. 



JACC Vol. 46, No. 9, 2005 
November 1, 2005:1651-8 



*— Strauer et aJL 1657 

Regeneration of Infarction by BMCs In Chronic CAD 




InvMtfcaUon 1 tnvMllgtbon 2 Investigation 3 



p, VWtewrVttM 

B 



Ijtctkm Fraction (%) 




tnvettfettton 1 Invest Ipttkm 2 fnvwtigatton 3 



Intention Wafl M ov w ntn l V«toc*ty fib) 




inwUgitlon 1 Jnv*sO0*tl*i2 trtvefttgatton 3 



Figure 3. Illustration of the mean values of (A) area of infarction, (B) 
ejection fraction, and (C) infarction wall movement velocity, determined by 
quantitative left ventriculography in both groups (control group vs. trans- 
plantation [Tx) group) at the point of time: investigations 1, 2, and 3. 
Comparision of both groups with chronically infarcted myocardium (conrol 
group vs. Tx group), n = 18 patients. Investigation 1 was 9 ± 6 months 
before cell transplantation (controls: 9 ± 5 months before percutaneous 
transluminal coronary angioplasty [PTCA]); investigation 2 within 10 days 
before cell tranplantation (controls: at the time point of PTCA) and 
investigation 3 was three months after cell transplantation (controls: 8 ± 5 
months after PTCA). Note the significant decrease of infarct size and the 
increase in ejection fraction and in contractility (infarction wall movement 
velocity) 3 months after cell therapy in comparison with the control group. 
*p = not significant (investigation 2 vs. investigation 3); #p = 0,001 
(investigation 2 vs. investigation 3). 

induction of cell fusion between transplanted bone marrow 
cells and resident myocytes (21-24). 

Transdifferentiation has been described by previous in- 
vestigators (4); however, it has been questioned by recent 
experimental studies (25). The influence of cytokines has 



shown to restore coronary blood vessels and muscle cells 
after experimental myocardial infarction. This regeneration 
of blood vessels and muscle cells is most pronounced in the 
border zone of ischemic and/or infarcted tissue (26), dem- 
onstrating an enhancement of mitotic cells and cell cycles up 
four-fold, when compared to areas remote from the necrotic 
myocardium. Moreover, mononuclear bone marrow stem 
cells contain a lot of cytokines (VEGF, insulin-like growth 
factor, platelet-derived growth factor, and so on), thereby 
stimulating residual normal myocytes for regeneration and 
proliferation and instrinsic myocardial stem cells (endoge- 
nous stem cells) for cell regeneration and for cell fusion 
(27-31). 

Mitotic indexes are three to four times more frequent 
within the border zone of myocardial necrosis when com- 
pared with non-injured heart muscle (26). Moreover, 20% 
to 40% of intracoronarily transplanted bone-marrow- 
derived stem cells may be accumulated within the border 
zone of MI. There were no signs of apparent microcircula- 
tion disturbances because all patients had Thrombolysis In 
Myocardial Infarction flow grade 3. Thus, it is conceivable 
that in MI the border zone represents the optimum "niche" 
for exogenously transplanted stem ceils, stimulating mitosis 
rates and heart muscle regeneration, preferably originating 
in and expanding from these areas. Cell fusion may also 
contribute to heart muscle regeneration, which takes its 
origin from the border zone, expanding gradually to the 
necrotic core of the infarcted area. 

Our study cannot determine which cell-biologic and 
molecular mechanims are responsible for heart muscle repair 
or which of the studied factors may play the predominant 
role. However, the final functional outcome of this cell therapy 
demonstrates three main target effects: improvement in 
muscle function (pumping ability and contractility), myo- 
cardial perfusion (SPECT), and myocardial glucose metab- 
olism (PET), thus giving evidence that heart muscle repair 
must have taken place by this intracoronary bone marrow 
cell transplantation procedure. 

The clinical significance of this novel therapeutic ap- 
proach may embrace a large number of patients with chronic 
coronary artery disease, preferably after previous or long- 
standing MI. It is conceivable that remodeling after infarc- 
tion may be ameliorated or even stopped by this procedure. 
Thus, cell therapy may represent a new option of basic and 
causal therapy in chronic infarcted myocardium. It is an 
open question whether variations of the amount and kind of 
bone marrow cells, the administration technique, and the 
transplantation procedure itself, by enhanced environment 
and improvement of the angiogenic micromilieu, can fur- 
ther improve the milieu-dependent differentiation or regen- 
eration of bone marrow cells in chronic infarcted heart 
disease. Therefore, our clinical results represent a stable basis 
to proceed to the next necessary step: to a larger prospective 
randomized study. 
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FOURTH SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER, M.P., F.A.C.C., F.A.C.P. 

I, Richard Heuser, declare as follows: 

1. I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 85013. 

2. This Fourth Supplemental Declaration is submitted in addition to my previous 
Declaration, dated June 5, 2003, my Supplemental Declaration dated February 4, 2004, 
my Second Supplemental Declaration dated July 18, 2004, and my Third Supplemental 
Declaration dated February 15, 2005. No changes are made to any of such previous 
Declarations. 

3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my Declaration of 
June 5, 2003, and my background is further amplified by materials submitted in my 
Second and Third Supplemental Declarations. 
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4. I have read and understood the disclosures of the above-referenced patent application at 
page 20, line 10 through page 21, line 15; and page 44, line 19 through page 46, line 16. 
Such disclosures are the same as I read and understood in my previous Declaration and 
Supplemental Declaration. A copy of such disclosures is attached hereto as Fourth 
Supplemental Declaration Exhibit A. 

I have also read and understood additional disclosures of the above-referenced patent 
application at page 33, lines 8-10; page 37, lines 19-25; page 40, line 20 through page 43 
line 3; page 44, lines 12 and 13; page 48, lines 13-15; page 53, line 1 through page 56, 
line 25; and page 62, lines 1-10. A copy of such additional disclosures is attached hereto 
as Fourth Supplemental Declaration Exhibit B. 

5. The disclosures in Fourth Supplemental Declaration Exhibit A, also contained in my 
previous Declaration and Supplemental Declaration, relate to using growth factors, 
including cells, for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a human heart 
by growing new cardiac muscle. Such disclosures are also directed to the growth of new 
arteries in the heart. 

I understand that the additional disclosures in Fourth Supplemental Declaration Exhibit B 
relate to using cellular growth factors, including bone marrow stem cells, to grow soft 
tissue, including an artery. Stem cells harvested from bone marrow, peripheral blood and 
from culture banks are described as being implanted for promoting morphogenesis and 
growth of all three-germ tissue layers, i.e. mesoderm, ectoderm and endoderm tissues. It 
would be understood by one skilled in the art that morphogenesis includes the growth of 
an artery, which comprises mesodermal tissue. 



2 



Docket No. 1000-1 0-CO I 
FOURTH SUPPL HEUSER DECLARATION 



6. I have read and understood the claims set forth in Fourth Supplemental Declaration 
Exhibit C and have been informed that such claims will be concurrently presented in this 
application with this Fourth Supplemental Declaration. 

7. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical arts, 
armed with the knowledge in the disclosures referenced therein, would be enabled to 
practice the method set forth in Fourth Supplemental Declaration Exhibit C and to 
predictably anticipate the results defined therein without need for resorting to undue 
experimentation. It is my further opinion that one skilled in the art reading such 
disclosures would understand that all of the well known administration procedures 
described at page 45 of the patent application, including intravenous, intraluminal, 
intramuscular, and with an angioplasty balloon, would be applicable for use in growing 
an artery in a human patient regardless of whether the genetic material was a gene; cell, 
including stem cells such as bone marrow stem cells; or another type of growth factor. 

Declarant states that the above opinion was reached independently. 



Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the 
validity of the application or any patent issuing thereon, and (2) that all statements made 
of Declarant's own knowledge are true and that all statements made on information and 
belief are believed to be true. 



Date: 



Further Declarant sayeth not. 





Richard Heuser, M.D., V.A.Q.C, F.A.C.P. 
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EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue 1 ' or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth- By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 44. LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminal^, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come .from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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EXHIBIT B 

DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 



PAGE 33. LINES 8-10 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 37. LINES 19-25 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, clone cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 

PAGE 40. LINE 20 - PAGE 43. LINE 3 

EXAMPLE 11 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MXS-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 
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BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 
from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

MXS-1 and MXS-2 transcription factors are obtained which will initiate the expression of 
the MXS-1 and MXS-2 homeobox genes. 

The MXS-1 and MXS-2 transcription factors, BMP-2 and BMP-4 bone morphogenic 
proteins, and MXS-1 and MXS-2 genes are added to the nutrient culture medium along with the 
living stem cells. 

EXAMPLE 12 

Example 1 1 is repeated except that the transcription factors bind to a receptor complex in 
the stem cell nucleus. 

EXAMPLE 13 

Example 1 1 is repeated except that the MXS-1 and MXS-2 transcription factors are not 
utilized. The transcription of the MXS-1 and MXS-2 homeobox genes is activated by applying 
an electric spark to the nutrient culture medium. 

EXAMPLE 14 

Example 13 is repeated except that the stem cells are starved and the transcription of the 
MXS-1 and MXS-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 
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EXAMPLE 15 

WT-1 and PAX genes are obtained from a sample of skin tissue is removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 

BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
102 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
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The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The Aniridia transcription factor and growth factors and the Aniridia gene are added to 
the nutrient culture medium along with the living stem cells. 

A primitive eye germ is produced. The kidney germ is transplanted in the patient's body 
near the optic nerve. As the kidney grows, its blood supply will be derived from nearby arteries. 

EXAMPLE 17 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three dimensional, 
or simply a nutrient, and is useful in promoting the processes of cellular dedifferentiation, 
redifferentiation, differentiation, growth, and development. 
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PAGE 44. LINES 12- 13 

An organ, as used herein, consists of two or more kinds of tissues joined into one 

structure that has a certain task. 



PAGE 48. LINES 13- 15 

In the example above, if germinal cells (and in some cases, stem cells) are utilized a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 

PAGE 53. LINE 1 - PAGE 56. LINE 25 

EXAMPLE 18 

A 36 year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant cDNA 
is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the growth of 
arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1.0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F to produce an genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized in 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only a 



-B5 - 



single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic carrier solution is injected into the containment system at the first site. 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 

After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
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a new. section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
cultures, physiological nutrient cultures, vectors, promotors, etc. 

One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials inserted ex 
vivo into or onto a living cell in an appropriate physiological nurturing environment will also 
induce the growth of an organ. The VCSEL laser allows early detection in a living cell of a 
morphogenic change indicating that organ formation has been initiated. With properly timed 
transplantation, organ growth completes itself. 
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During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 

EXAMPLE 19 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injected intramuscularly. 
Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEGF165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736 bp CMV promoter/enhancer to drive VEGF 
expression. Other RAOTS promoters can be utilized to drive VEGF expression for longer 
periods of time. Other RAOTS recombinant clones of angiogenic growth factors other than 
VEGF can be utilized, for example, fibroblast growth factor family, endothelial cell growth 
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factor, etc. Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These 
fragments occur in the RAOTS pUC118 vector, which includes an Escherichia coli origin of 
replication and the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 
saline at room temperature (or body temperature of about 37 degrees C). The syringe has a 
RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open heart surgery, endoscopic surgery, 
direction injection of the needle without incision, or by any other desired means. The cardiac 
muscle immediately adjacent a clogged artery is slowly injected with the RAOTS construct 
during a five second time period. Injection is slow to avoid leakage through the external 
covering of muscle cells. About 0.5 ml to 1.0 ml (milliliter) of fluid is injected containing 
approximately 500 ug phVEGF165 in saline (N=18). The readily available off-the-shelf cDNA 
clones cause vascular growth which automatically integrates itself with the cardiac muscle. 
Anatomic evidence of collateral artery formation is observed by the 30 th day following injection 
to the RAOTS construct. One end of the artery integrates itself in the heart wall to receive blood 
from the heart. The other end of the artery branches into increasing smaller blood vessels to 
distribute blood into the heart muscle. Once the growth of the new artery is completed, the new 
artery is left in place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. RAOTS external ultrasound gives a semiquantitative analysis of arterial flow. Also, 
RAOTS angiograms or any other readily available commercial devices can be utilized. 
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VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 20 

A patient, a forty year old African-American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 

A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space, A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701 XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 
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An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701 XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five second increments and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 

PAGE 62, LINES 1-10 

EXAMPLE 36 

Example 18 is repeated except that the patient is a 55 year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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EXHIBIT C 

CLAIMS 
APPLICATION SERIAL NO. 09/836,750 

A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 
The method of claim 236, further comprising repairing a dead portion 
of said heart. 

The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

The method of claim 236, wherein said growth factor comprises a 
member selected from the group consisting of cells, cellular products, 
and derivatives of cellular products. 

The method of claim 243, wherein said growth factor comprises a cell. 
The method of claim 244, wherein said cell is multifactorial and non- 
specific. 

The method of claim 245, wherein said cell comprises a stem cell. 
The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

The method of claim 247, wherein said injection is intravenous. 
The method of claim 247, wherein said injection is intraluminal. 
The method of claim 247, wherein said injection is intramuscular. 
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The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 

The method of claim 251, wherein said carrier comprises an 
angioplasty balloon. 

The method of claim 236, wherein said growth factor comprises a 
gene and a cell. 

The method of claim 236, wherein said growth factor is locally 
placed in said body. 

The method of claim 238, wherein said growth factor is locally placed 
in said body. 

The method of claim 239, wherein said growth factor is locally 
placed in said body. 

The method of claim 243, wherein said growth factor is locally 
placed in said body. 

The method of claim 236, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 238, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 239, wherein said growth factor comprises 
living stem cells harvested from bone marrow. 
A method of growing a new portion of a pre-existing heart comprising 
locally placing a growth factor comprising a stem cell in a body of a 
human patient to grow new cardiac muscle in said heart. 
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Claim 265 The method of claim 264, wherein said stem cell is placed in said 

patient by injection. 

Claim 266 The method of claim 264, wherein said stem cell comprises living 

stem cells harvested from bone marrow. 
Claim 267 The method of claim 266, wherein said stem cell is placed in said 

patient by injection. 

Claim 268 The method of claim 262, wherein said stem cell is placed in said 

patient by injection. 

Claim 269 The method of claim 263, wherein said stem cell is placed in said 

patient by injection. 

Claim 270 The method of claim 258, wherein said growth factor comprises a cell 

and said cell is placed adjacent to said dead portion of said heart. 

Claim 271 The method of claim 259, wherein said growth factor comprises a cell 

and said cell is placed adjacent to said damaged portion of said heart. 

Claim 272 The method of claim 265, wherein said stem cell is injected into said 

heart. 

Claim 273 The method of claim 267, wherein said stem cell is injected into said 

heart. 

Claim 274 The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by intravenous injection. 

Claim 275 The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by intravenous injection. 
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The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 236 further comprising determining blood flow 

through said newly grown artery. 

The method of claim 238 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 239 further comprising determining blood flow- 
through said newly grown artery. 

The method of claim 236 further comprising observing said newly 
grown artery. 

The method of claim 238 further comprising observing said newly 
grown artery. 

The method of claim 239 further comprising observing said newly 
grown artery. 
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Claim 286 



Claim 287 



Claim 288 



Claim 289 



Claim 290 



Claim 291 



Claim 292 



Claim 293 



A method of repairing a dead portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said dead portion; 
forming a new artery in said heart, thereby causing said dead portion 
of said heart to be repaired. 

The method of claim 286, wherein said stem cells are placed by 
injection. 

The method of claim 286, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 286, wherein said stem cells are placed by an 
angioplasty balloon. 

A method of repairing a damaged portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said damaged 
portion; forming a new artery in said heart, thereby causing said 
damaged portion of said heart to be repaired. 

The method of claim 290, wherein said stem cells are placed by 
injection. 

The method of claim 290, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 290, wherein said stem cells are placed by an 
angioplasty balloon. 
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THIRD SUPPLEMENTAL DECLARATION 
OF ANDREW E. LORINCZ. M.D. 

I, Andrew E. Lorincz, declare as follows: 

1. I reside at 16135 NW 243 rd Way, High Springs, Florida 32643-3813. 

2. This Third Supplemental Declaration is submitted in addition to my previous 
Declaration, dated June 9, 2003, my Supplemental Declaration dated February 3, 
2004, and my Second Supplemental Declaration dated July 19, 2004. No changes 
are made to any of such previous Declarations. 

3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my 
Declaration of June 9, 2003, and my background is further ampli fied by materials 
submitted in my Second Supplemental Declaration. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as I read and understood 

I 
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in my previous Declaration and Supplemental Declaration. A copy of such 
disclosures is attached hereto as Third Supplemental Declaration Exhibit A. 

I have also read and understood additional disclosures of the above-referenced 
patent application at page 33, lines 8-10; page 37, lines 19-25; page 40, line 20 
through page 43 line 3; page 44, lines 12 and 13; page 48, lines 13-15; page 53, 
line 1 through page 56, line 25; and page 62, lines 1-10. A copy of such 
additional disclosures is attached hereto as Third Supplemental Declaration 
Exhibit B. 

5. The disclosures in Third Supplemental Declaration Exhibit A, also contained in 
my previous Declaration and Supplemental Declaration, relate to using growth 
factors, including cells, for promoting the growth of soft tissue and, more 
specifically, to a method which may use such growth factors for growing a new 
portion of a human heart by growing new cardiac muscle. Such disclosures are 
also directed to the growth of new arteries in the heart. 

I understand that the additional disclosures in Third Supplemental Declaration 
Exhibit B relate to using cellular growth factors, including bone marrow stem 
cells, to grow soft tissue, including an artery. Stem cells harvested from bone 
marrow, peripheral blood and from culture banks are described as being 
implanted for promoting morphogenesis and growth of all three-germ tissue 
layers, i.e. mesoderm, ectoderm and endoderm tissues. It would be understood by 
one skilled in the art that morphogenesis includes the growth of an artery, which 
comprises mesodermal tissue. 

6. I have read and understood the claims set forth in Third Supplemental Declaration 
Exhibit C and have been informed that such claims will be concurrently presented 
in this application with this Third Supplemental Declaration. 
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7. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in the disclosures referenced therein, would be 
enabled to practice the method set forth in Third Supplemental Declaration 
Exhibit C and to predictably anticipate the results defined therein without need for 
resorting to undue experimentation. It is my further opinion that one skilled in the 
art reading such disclosures would understand that all of the well known 
administration procedures described at page 45 of the patent application, 
including intravenous, intraluminal, intramuscular, and with an angioplasty 
balloon, would be applicable for use in growing an artery in a human patient 
regardless of whether the genetic material was a gene; cell, including stem cells 
such as bone marrow stem cells; or another type of growth factor. 

Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the 
validity of the application or any patent issuing thereon, and (2) that all statements made 
of Declarant's own knowledge are true and that all statements made on information and 
belief are believed to be true. 



Further Declarant sayeth not. 



Date: 5" vJ ^© © 4 
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Andrew E. Lorincz, M.D. 
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EXHIBIT A 

DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 44, LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s) 5 enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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EXHIBIT B 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 33. LINES 8-10 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 37, LINES 19-25 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, clone cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 

PAGE 40. LINE 20 - PAGE 43. LINE 3 

EXAMPLE 11 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MXS-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 
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BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 
from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

MXS-1 and MXS-2 transcription factors are obtained which will initiate the expression of 
the MXS-1 and MXS-2 homeobox genes. 

The MXS-1 and MXS-2 transcription factors, BMP-2 and BMP-4 bone morphogenic 
proteins, and MXS-1 and MXS-2 genes are added to the nutrient culture medium along with the 
living stem cells. 

EXAMPLE 12 

Example 1 1 is repeated except that the transcription factors bind to a receptor complex in 
the stem cell nucleus. 

EXAMPLE 13 

Example 1 1 is repeated except that the MXS-1 and MXS-2 transcription factors are not 
utilized. The transcription of the MXS-1 and MXS-2 homeobox genes is activated by applying 
an electric spark to the nutrient culture medium. 

EXAMPLE 14 

Example 13 is repeated except that the stem cells are starved and the transcription of the 
MXS-1 and MXS-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 
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EXAMPLE 15 

WT-1 and PAX genes are obtained from a sample of skin tissue is removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 

BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
1 02 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
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The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
1 02 degrees F. 

The Aniridia transcription factor and growth factors and the Aniridia gene are added to 
the nutrient culture medium along with the living stem cells. 

A primitive eye germ is produced. The kidney germ is transplanted in the patient's body 
near the optic nerve. As the kidney grows, its blood supply will be derived from nearby arteries. 

EXAMPLE 17 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three dimensional, 
or simply a nutrient, and is useful in promoting the processes of cellular dedifferentiation, 
^differentiation, differentiation, growth, and development. 
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PAGE 44. LINES 12-13 

An organ, as used herein, consists of two or more kinds of tissues joined into one 
structure that has a certain task. 

PAGE 48. LINES 13- 15 

In the example above, if germinal cells (and in some cases, stem cells) are utilized a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 

PAGE 53. LINE 1 - PAGE 56. LINE 25 

EXAMPLE 18 

A 36 year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant cDNA 
is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the growth of 
arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1.0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F to produce an genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized in 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only a 
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single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic earner solution is injected into the containment system at the first site. 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 

After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
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a new section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that: the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
cultures, physiological nutrient cultures, vectors, promotors, etc. 

One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials inserted ex 
vivo into or onto a living cell in an appropriate physiological nurturing environment will also 
induce the growth of an organ. The VCSEL laser allows early detection in a living cell of a 
morphogenic change indicating that organ formation has been initiated. With properly timed 
transplantation, organ growth completes itself. 



-B7- 



During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 

EXAMPLE 19 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injected intramuscularly. 
Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEGF165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736 bp CMV promoter/enhancer to drive VEGF 
expression. Other RAOTS promoters can be utilized to drive VEGF expression for longer 
periods of time. Other RAOTS recombinant clones of angiogenic growth factors other than 
VEGF can be utilized, for example, fibroblast growth factor family, endothelial cell growth 
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factor, etc. Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These 
fragments occur in the RAOTS pUC118 vector, which includes an Escherichia coli origin of 
replication and the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 
saline at room temperature (or body temperature of about 37 degrees C). The syringe has a 
RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open heart surgery, endoscopic surgery, 
direction injection of the needle without incision, or by any other desired means. The cardiac 
muscle immediately adjacent a clogged artery is slowly injected with the RAOTS construct 
during a five second time period. Injection is slow to avoid leakage through the external 
covering of muscle cells. About 0.5 ml to 1.0 ml (milliliter) of fluid is injected containing 
approximately 500 ug phVEGF165 in saline (N=18). The readily available off-the-shelf cDNA 
clones cause vascular growth which automatically integrates itself with the cardiac muscle. 
Anatomic evidence of collateral artery formation is observed by the 30 th day following injection 
to the RAOTS construct. One end of the artery integrates itself in the heart wall to receive blood 
from the heart. The other end of the artery branches into increasing smaller blood vessels to 
distribute blood into the heart muscle. Once the growth of the new artery is completed, the new 
artery is left in place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. RAOTS external ultrasound gives a semiquantitative analysis of arterial flow. Also, 
RAOTS angiograms or any other readily available commercial devices can be utilized. 
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VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 20 

A patient, a forty year old African-American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 

A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space. A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701 XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 
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An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701 XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five second increments and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 

PAGE 62, LINES 1-10 

EXAMPLE 36 

Example 18 is repeated except that the patient is a 55 year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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EXHIBIT C 

CLAIMS 
APPLICATION SERIAL NO. 09/836,750 

A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 
The method of claim 236, further comprising repairing a dead portion 
of said heart. 

The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

The method of claim 236, wherein said growth factor comprises a 
member selected from the group consisting of cells, cellular products, 
and derivatives of cellular products. 

The method of claim 243, wherein said growth factor comprises a cell. 
The method of claim 244, wherein said cell is multifactorial and non- 
specific. 

The method of claim 245, wherein said cell comprises a stem cell. 
The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

The method of claim 247, wherein said injection is intravenous. 
The method of claim 247, wherein said injection is intraluminal. 
The method of claim 247, wherein said injection is intramuscular. 
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The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 

The method of claim 251, wherein said carrier comprises an 
angioplasty balloon. 

The method of claim 236, wherein said growth factor comprises a 
gene and a cell. 

The method of claim 236, wherein said growth factor is locally 
placed in said body. 

The method of claim 238, wherein said growth factor is locally placed 
in said body. 

The method of claim 239, wherein said growth factor is locally 
placed in said body. 

The method of claim 243, wherein said growth factor is locally 
placed in said body. 

The method of claim 236, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 238, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 239, wherein said growth factor comprises 
living stem cells harvested from bone marrow. 
A method of growing a new portion of a pre-existing heart comprising 
locally placing a growth factor comprising a stem cell in a body of a 
human patient to grow new cardiac muscle in said heart. 
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The method of claim 264, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 264, wherein said stem cell comprises living 
stem cells harvested from bone marrow. 

The method of claim 266, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 262, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 
The method of claim 259, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said damaged portion of said heart. 
The method of claim 265, wherein said stem cell is injected into said 
heart. 

The method of claim 267, wherein said stem cell is injected into said 
heart. 

The method of claim 238, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
The method of claim 239, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
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The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 236 further comprising determining blood flow 

through said newly grown artery. 

The method of claim 238 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 239 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 236 further comprising observing said newly 
grown artery. 

The method of claim 238 further comprising observing said newly 
grown artery. 

The method of claim 239 further comprising observing said newly 
grown artery. 
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A method of repairing a dead portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said dead portion; 
forming a new artery in said heart, thereby causing said dead portion 
of said heart to be repaired. 

The method of claim 286, wherein said stem cells are placed by 
injection. 

The method of claim 286, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 286, wherein said stem cells are placed by an 
angioplasty balloon. 

A method of repairing a damaged portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said damaged 
portion; forming a new artery in said heart, thereby causing said 
damaged portion of said heart to be repaired. 

The method of claim 290, wherein said stem cells are placed by 
injection. 

The method of claim 290, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 290, wherein said stem cells are placed by an 
angioplasty balloon. 
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THIRD SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M.D., F.A.C.C. F.A.C.P. 

I Richard Heuser declare as follows: 

1. I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 
85013. 

2. My Curriculum Vitae was attached as Exhibit A to my Declaration of 
November 16, 2004. Paragraph 3 of my Declaration and my 
Supplemental Declaration of February 15, 2005 provide additional 
information regarding my background and experience. 

3. I have read the Examiner's criticism contained in paragraph 11, 
commencing on page 7 and ending on page 9 of the March 7, 2007 Office 
Action regarding the conversion of dosages of plasmid cDNA to dosages 
of cells. Such paragraph is set forth in Third Supplemental Exhibit A 
attached hereto. Specifically, I note the Examiner's criticism bridging 
pages 7 and 8 regarding the above-mentioned conversion that: 
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...one of skill in the art would never think to 
attempt such an extrapolation. The unsound 
scientific basis for the conversion of plasmid DNA 
to cellular equivalents would be obvious to anyone 
trained in molecular biology. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 4, line 1 through page 5, line 14; at page 13, lines 3-10; 
at page 22, line 5 through page 24, line 15; and at page 26, line 3 through 
page 27, line 3. A copy of such disclosures is attached hereto as Third 
Supplemental Declaration Exhibit B. 

I have also read and understood additional disclosures of the above- 
referenced patent application at page 9, lines 14-16; page 17, line 1 
through page 20 line 8; page 21, lines 23 and 24; page 27, lines 1-3; page 
28, lines 12-16; page 32, line 20 through page 39, line 19; and page 44, 
lines 8-17. A copy of such additional disclosures is attached hereto as 
Third Supplemental Declaration Exhibit C. 

5. I have read and understood Applicant's conversion for dosages of plasmid 
cDNA to equivalent corresponding dosages of cells set forth in attached 
Third Supplemental Exhibit D as it relates to Examples 18 and 17 of the 
specification, which are contained in Third Supplemental Declaration 
Exhibit C. 

6. In my opinion, the Examiner's criticism specifically delineated in 
Paragraph 3 above is not credible. Contrary to the Examiner's opinion, 
studies involving conversion of the average (mean) content of nucleic 
acids per cell in human marrow cells have been routinely conducted and 
accepted by skilled scientists for over 50 years. Three (3) publications 
illustrating the use of such well known conversion are included in the 
attached Third Supplemental Declaration Exhibit E. Note that in two of 



2 



Docket No. 1000-10-CP 
THIRD SUPPL HESUER DECLARATION 



the publications, typical conversion results are set forth in tables, thereby 
eliminating the necessity to perform the actual calculation. Obviously, a 
sound scientific basis exists in the medical art for such conversions. 

Further, those skilled in the art understand that DNA content is 
substantially consistent from tissues of any given species. Consequently, a 
skilled medical person relying on sound scientific bases at the time of the 
present invention would reasonably have understood how to extrapolate 
plasmid DNA to cells on a weight basis. Applicant's use of 40 pg as an 
average weight for nucleic acids in a human cell is fairly representative. 
Thus, I find Applicant's conversion set forth in the attached Third 
Supplemental Declaration Exhibit D to be consistent with the 
extrapolations set forth above and commonly used and relied upon by 
skilled persons in the medical art. Accordingly, the dosages specified in 
Examples 18 and 17 are sufficient to enable a person skilled in the medical 
art to convert dosages of plasmid DNA to corresponding dosages of 
genomic DNA within the context of Applicant's disclosed invention. 

7. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. A 
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1 1- Applicant admits on page 9 that Examples 17-19 employ nucleic acids, but asserts that 
one skilled in the art reading the specification, which teaches that cells, i.e., stem cells (BMC's) 
possess equivalent activity to genes (nucleic acids) and other genetic material in forming a new 
artery (i.e., promote morphogenesis of an organ-artery), would be able to easily extrapolate the 
number on a weight basis of mononuclear cells required to obtain equivalent results. According 
to the method for extrapolation provided in the footnote to pages 10-11, 250 ug of plasmid DNA 
(an amount described in Examples 17 and 18) divided by 40 pg, (asserted to be is the average 
DNA content of a cell; the species of cell is not disclosed) equals 6.25 x 10*. and therefore the 
Examples 17 and 18 instruct the skilled artisan to use 6.25 x 10* cells. This argument is not 
persuasive for several reasons. First, this method of converting plasmid DNA to cell equivalents 
is not included in the specification as filed. This is important because one of skil. in the art would 
never think to attempt such an extrapolation. The unsound scientific basis for the conversion of 
ug of plasmid DNA to cellular equivalents would be obvious to anyone trained in molecular 
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seems to view the living cell as little more than a container for DNA. Delivery ofthe genes to a 
target as recombinant DNA as opposed to native genes within a living cell are technically 
different processes; there is no basis for using one to guide the other. For example, with DNA 
one is concerned with chemical stability, efficiency of uptake, stable retention, and subsequent 
expression ofthe injected molecule into target cells, whereas with cells separate issues of 
formation of effective attachment to ECM and neighboring cells, short- and long-term viability, 
and responses to environmental cues arise. As evidence, one need look no further than the US 
Patent classification system. Methods of /„ vivo treatments involving whole live cells as 
opposed to nucleic acids are separately classified: class 424 subclass 93.1 (cells); class 514, 
subclass 44 (polynucleotides). These separate classifications indicate a different status in the art 
such that it is well known that cell therapy and gene therapy are not obvious variants of one 
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EXHIBIT B 

DISCLOSURES 
APPLICATION SERIAL NO. 10/179,589 

PAGE 4, LINE 1 - PAGE 5, LINE 14 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 13, LINES 3-10 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, cloned cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 
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PAGE 22, LINE 5 - PAGE 24, LINE 15 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
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(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
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factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 

PAGE 26, LINE 3 - PAGE 27, LINE 3 

Organs and/or tissues can be formed utilizing the patient's own cells. For example, a 
skin cell(s) is removed from the intraoral lining of a cheek. The cell is genetically screened to 
identify DNA damage or other structural and/or functional problems. Any existing prior art 
genetic screening technique can be utilized. Such methods can utilize lasers, DNA probes, PCR, 
or any other suitable device,. If the cell is damaged, a healthy undamaged cell is, if possible, 
identified and selected. If a healthy cell cannot be obtained, the damaged cell can be repaired by 
excision, alkylation, transition, or any other desired method. A growth factor(s) is added to the 
cell to facilitate dedifferentiation and then ^differentiation and morphogenesis into an organ or 
function specific tissue. Any machine known in the art can be used to check the genetic fitness 
of the organ and its stage of morphogenesis. A cell nutrient culture may or may not be utilized 
depending on the desired functional outcome (i.e., growth of an artery, of pancreatic Islet cells, 
of a heart, etc.) or other circumstances. Replantation can occur at any appropriate stage of 
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morphogenesis. The foregoing can be repeated without the patient's own cells if universal donor 
cells such as germinal cells are utilized. Germinal cells do not require a dedifferentiation. They 
simply differentiate into desired tissues or organs when properly stimulated. Similarly, the DNA 
utilized in the foreign procedure can come from the patient or from any desired source. 

During reimplantation one of the patient's own cells is returned to the patient. During 
implantation, a cell not originally obtained from the patient is inserted on or in the patient. 

In the example above, if germinal cells (and in some cases, stem cells) are utilized, a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 
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PAGE 9, LINES 14-16 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 17, LINE 1 - PAGE 20, LINE 8 

EXAMPLE 10 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MSX-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 

BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 
from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
102 degrees F. 

MSX-1 and MSX-2 transcription factors are obtained which will initiate the expression of 
the MSX-1 and MSX-2 homeobox genes. 
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The MSX-1 and MSX-2 transcription factors, BMP-2 and MBP-4 bone morphogenic 
proteins, and MSX-1 and MSX-2 genes are added to the nutrient culture medium along with the 
living stem cells. 



EXAMPLE 11 

Example 10 is repeated except that the transcription factors bind to a receptor 
complex in the stem cell nucleus. 



EXAMPLE 12 

Example 10 is repeated except that the MSX-1 and MSX-2 transcription factors 
are not utilized. The transcription of the MSX-1 and MSX-2 homeobox genes is activated by 
applying an electric spark to the nutrient culture medium. 



EXAMPLE 13 

Example 10 is repeated except that the stem cells are starved and the transcription of the 
MSX-1 and MSX-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 

EXAMPLE 14 

WT-1 and PAX genes are obtained from a sample of skin tissue removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 
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BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 15 

The Aniridia gene is obtained from a sample of skin tissue removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The Aniridia transcription factor and growth factor and the Aniridia gene are added to the 
nutrient culture medium along with the living stem cells. 
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A primitive eye germ is produced. The eye germ is transplanted in the patient's body 
near the optic nerve. As the eye grows, its blood supply will be derived from nearby arteries. 

EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three- 
dimensional, or simply a nutrient, and is useful in promoting the processes of cellular 
dedifferentiation, redifferentiation, differentiation, growth, and development. 

PAGE 21. LINES 23-24 

An organ, as used herein, consists of two or more kinds of tissues joined into one 
structure that has a certain task. 
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PAGE 27, LINES 1- 3 

In the example above, if germinal cells (and in some cases, stem cells) are utilized a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 

PAGE 28, LINES 12-16 

Avascular necrosis can be corrected with the insertion of a gene(s) and/or growth factor 
or other genetic material in the body. For example, avascular necrosis is diagnosed near a joint 
space. VEGF or BMP genes, or VEFG or BMP growth factors produced by VEFG or BMP 
genes, respectively, or any other desired genetic based material can be inserted to regrow blood 
vessels and/or bone. 

PAGE 32, LINE 20 - PAGE 39, LINE 19 

EXAMPLE 17 

A 36-year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one-inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant 
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cDNA is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the 
growth of arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1 .0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F. to produce a genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized in 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only a 
single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown, can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic carrier solution is injected into the containment system at the first site. 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 
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After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site, a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site, a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
a new section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
culture, physiological nutrient cultures, vectors, promoters, etc. 
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One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials ex vivo into o 
onto a living cell in an appropriate physiological nurturing environment will also induce the 
growth of an organ. The VCSEL laser allows early detection in a living cell of a morphogenic 
change indicating that organ formation has been initiated. With properly time transplantation, 
organ growth completes itself. 

During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 

EXAMPLE 18 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injection intramuscularly. 
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Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEFG165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736bp CMV promoter/enhancer to drive VEGF expression. 
Other RAOTS promoters can be utilized to drive VEGF expression for longer periods of time. 
Other RAOTS recombinant clones of angiogenic growth factors other than VEGF can be 
utilized, for example, fibroblast growth factor family, endothelial cell growth factor, etc. 
Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These fragments 
occur in the RAOTS pUCl 18 vector, which includes an Escherichia coli origin of replication and 
the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 
saline at room temperature (or body temperature of about 73 degrees C). The syringe has a 
RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open-heart surgery, endoscopic surgery, direct 
injection of the needle with incision, or by any other desired means. The cardiac muscle 
immediately adjacent a clogged artery is slowly injected with the RAOTS construct during a five 
second time period. Injection is slow to avoid leakage through the external covering of muscle 
cells. About 0.5 ml to 1 .0 ml (milliliter) of fluid is injected containing approximately 500 ug 
phVEGF165 in saline (N=18). The readily available off-the-shelf cDNA clones cause vascular 
growth which automatically integrates itself with the cardiac muscle. Anatomic evidence of 
collateral artery formation is observed by the 30 th day following injection to the RAOTS 
construct. One end of the artery integrates itself in the heart wall to receive blood from the heart. 
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The other end of the artery branches into increasingly smaller blood vessels to distribute blood 
into the heart muscle. Once the growth of the new artery is completed, the new artery is left in 
place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using, for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. Also, RAOTS angiograms or any other readily available commercial devices can be 
utilized. 

VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer, 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 19 

A patient, a forty-year old African-American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 
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A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space. A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701 XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 

An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701 XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five-second increments; and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 

PAGE 44, LINES 8-17 

EXAMPLE 35 

Example 17 is repeated except that the patient is a 55-year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
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artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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EXHIBIT D 
CONVERSION 



The conversion for dosages of nucleic acids to corresponding dosages of 
cells was conducted as follows. Examples 18 and 17 specified dosages of 
500 micrograms (ug) and 250 ug, respectively. The weight of nucleic 
acids of an average cell was considered to equal 40 picograms (pg). The 
described dosages of 250 and 500 ug when converted to pg by multiplying 
by 10 6 equals 250 x 10 6 pg and 500 x 10 6 pg. Since nucleic acids of an 
average cell have an average weight of 40 pg, a conversion is made by 
dividing 250 x 10 6 and 500 x 10 6 by 40 to arrive at the equivalent cell 
dosages, which are 6.25 x 10 6 and 12.5 xlO 6 , respectively. 
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™ PROCEEDINGS OP THE BIOCHEMICAL SOCIETY 

^^^^ B y N. DA ™ ON , 

Departs of PaO.ology, Po^ZTm^Z^^ f^T^' U **~«* °J and the 

jL252EJE!Ti^ ^ ^ therapy cannot be consider as returned to norma. 



— X" 

deoxyribonucleic acid phosphorus PNAP) and 
nbonuoleio acid phosphorus (RNAP) content of 

S^o^T^^* 10 mam3w ( Da vidson, Leslie ft 
White. 1947, 1848), we now report a modification 
involving enumeration of the nucleated cell content 
of the samplee analysed. Results are expressed in 
terms of DNAP and RNAP per cell (Table 1), and 
are average values for the growing and adult cell 
populations of the analysed samples. The recent 
^Z°1Z° D ?^\1* Vendrel y (18*8, 1949) and of 
J?^Xrt» " (1M9) 8Uggeet * 8trik *« constancy in 
the DNAP content of normal cell nuclei from the 
tissues of any given species, and our figures for 
DNAP are of the same order as those quoted by the 
Vendrelys for human liver nuclei. 

There is no significant difference between the 
means for the normal and the leukaemio series, either 
as a whole, or considering only acute leukaemia prior 
to therapy. 

A email aerie* of 6 cases of iron -deficiency anaemia 
has not shown significant variation of the mean 
DNAP and RNAP per ceU from normal. 

Resulto obtained from cases of pernicious and 
other megaloblastic anaemias are shown in Tables 2 
and 3. 

It must be noted clearly that the group under 



- - - - - — — — v^*. «o revumea w> normal, 

either as regards blood picture, marrow cytology or 
? £ * er »Py- significant fall in RNAP 
from that in the group prior to therapy parallels the 
general increase in maturity of the marrow under 
therapy. Cases fully treated and returned to normal 
are under investigation. 

Table 1 

N ormal human marrow 

Values of Nucleic Acid Phosphorus (NAP) in 
/*g. x 10~ 7 per cell 

DNAP 
18 obs. 
on 10 
individuals 



Mean 

8.E. of Obs. 

Observed range 



8*64 
2-89 
40-150 



RNAP 
20 obs. 
on 18 
individuals 

6-33 
3*03 
2-1-13-6 



Ratio 
RNAP/ 
DNAP 

0-76 
0-326 
0*43-1-9 



Marrow from cases of leukaemia of various types, 
before and during therapy 



Mean 

s.x. of obe. 
Observed range 



28 obs. on 
16 oases 
8*76 
305 
3*9-17*4 



24 obs. on 
12 cases 

7*69 
3-72 
2*0-17*4 



0 90 
0-30 
0*3-1-8 



Table 2. 



Group as a whole 



Group prior to therapy 



Group during the course 
of therapy 



Mean 

8.E. 

Observed range 
Mean 

6.B. 

Observed range 
Mean 

8.B. 

Observed range 



Cases of pernicious anaemia and other megaloblastic anaemias 
NAP in ,ig. x 10-' per oeU 
DNAP 

28 obs. on 12 oases RNAP 

12-6 109 

4*56 5-03 

6*6-22-8 2*3-26*1 

12 obs. on 12 oases 11 obs. on 11 cases 

12*67 13.38 

417 6-19 

8*1-22-8 7*5-251 

17 obs. on 8 oases 15 obs. on 8 oases 

12*63 9.09 

4*36 4.21 

6-6-18*8 2*3-17*6 



Ratio DNAP/RNAP 
28 obs. on 13 cases 
087 
0-27 
0-36-1-6 

12 obe. on 12 cases 
1*06 
0*249 
0-69-1-6 

16 obs. on 9 oases 
0-73 
01 98 
0*36-1-0 



Table 3. ttest 

Megaloblastic series as a whole p 
compared with normal series Degrees of freedom 



Megaloblastic series before 
therapy compared with 
normal 

Megaloblastic series during 
therapy compared with 
normal 

Megaloblastic series before and P 
during therapy compared Degrees of freedom . 



Degrees of freedom 
P 

Degrees of freedom 



of significance between means 

DNAP RNAP 
< 0-001 <0 001 

44 Highly significant 44 Highly significant 

0*01-0-001 <0*001 
28 Highly significant 29 Highly significant 



0*01-0-001 
33 Highly significant 

0-7-O-6 
27 Not significant 



0-05-002 
33 Significant 

0*05-0-02 
24 Significant 



Ratio RNAP/DNAP 

0-2-0*1 
46 Not significant 

0*01-0*001 
30 Highly significant 

0-8-0-7 
34 Not significant 

<0 001 
26 Highly significant 
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Table 1. ifctf heart aconitase 

Citrio acid (/imoJ.) 



Time (min.) 

Additions: 
cw-Aoonitate (5/imol.) 
^AoomUto + 'acW taction 
Citrate (5/unol.) 
Citrate + 4 active 1 fraction 



0*21 
0*08 
4*90 
6*27 



60 

3*90 
3*96 
4-34 
4-38 



Table 2. Pig heart ieocitric dehydrogenase 



the inhibition of citrate oxidatioT^r^. J ti 

kidney homcgeLates t^^^^^'f 
tricarboxylic fraction, which ia 'activeW?„U 
venUug disappearance of added oitrat. TlJ "JK 

aoetate, but there is present a small amount of "-""""-ate only 

a F-oompound which ia ohrornatORraphicallv in«,L game + 'active' fcwtion 

able from the tricarboxylic acids ^ ^•+^Moromerouriobenioio acid 

. Wo have tried to find ihe exact point of inhibition 133xl °~ ,M 
m the enzymes of the tricarboxyho S^S 
determuung the effect of the 'aotl'SoTui 

(Adler Euler, Gtather & Plasa, 193 9) andSato! 

~° oh tT^°Z W (0choa * Weiss iSS 
1848), obtained from rat and via h«u* 

Tablee 1, Sand *^**l£L&££J^ 
even when amount* of 'active' fxaSJoTw^ed 
80 tunes larger than those inhibiting oitrtte^T 
appearance m the kidney homogenatef. 

All the evidence from experiment* in «n W and in 
w*x> (t mitochondrial homogonates) wZta toiT 
M»t,on by the 'active' oo^m? £ 



. MOrnu. 

(max. raise) 

0 078-0-066 
(H)76 
0-004 



Table 3. Pig heart oxaloauooinio decarboxylaee 
(CO, evolution from 10,unol. oxaloeuooinate in 30 min 
at I8CO. Net values) 

„ CO, (jd.) 
Emyme alone " , 

Entyme + 'active' fraction « 
Baiyme + DL-taooitrate (oontrol) {% 



r^rf!Jr:i ° deh r^^ stage. Hence, 
Zt^f J 40 4110 oonoluBioa ««t the complete 
system has properties not present in its isolated 
£gme components Whether these £ 7^ 
«aetow of organization or to missing comnonenta 
must be decided by further worlT^ «"»Ponents 



Ganther ' a * ^ M <»fc 
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Append ix 
Nucleic Acids 



Nucleic Acids 

Content and Distribution 




a 
b 
c 



Total RNA 

rRNAs 

tRNAs, snRNAs, and low mol. wt. RNA 
mRNAs 
nuclear RNA 



Ratio of DNArRNA in nuclei 
Number of mRNA moleculesc 



Number of different mRNA species 

Low abundance mRNA (5 15 copies/cell) 
Mennediate abundance mRNA (200 400 copies/cein 
High abundance mRNA (12,000 U) 

Abundance of each message for: ~ 

Low abundance mRNA (5 15 copies/ceU) 

R^r I T abUn ^^ A ( 2W 400 copies/cell) 
High abundance mRNA (12.000 ^w^/ 



30-60 Mg/ml blood for human leukocytes. 
1 - 5 ug/ml blood for human leukocytes. 
Average size of mRNA molecule = 1930 bases. 



RNA content of cells in culture 



-6 pg/ceUa 
3% of genomic DNA 
0.51.0 x 10 s 
1.5 x 104 

-10 50pg/cellb 
80 85% of total RNA 
15 20% of total RNA 
1 5% of total RNA 
-14% of total R M A 
-2:1 

0 2 1.0x10^ 

L0 3.4 x 10 4 

1 1 ,000 different messages 
500 different messages 
<10 different messages 

<0.004% of total mRNA 
<0.1% of total mRNA 
3% of total mRNA 
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UMRECHNUNGSTABELLEIm 



I. Conversiontable 



^age i of 4 



Molecular weight (dattons) 



100 



1,000 



10,000 



20,000 



30,000 



|40,000 



50,000 



60,000 



70,000 



80,000 



90,000 



100,000 



120,000 



140,000 



160,000 



180,000 



1M0 



10 nmoles or 

6 x 10 15 molecules 



1 nmole or 

6 x 10 14 molecules 



100 pmoles or 
6 x 10*3 molecules 



50 pmoles or 

3 x 10*3 molecules 



33 pmoles or 

2 x 10* 3 molecules 



25 pmoles or 

1.5 x 10 13 molecules 



20 pmoles or 

12 x 10 13 molecules 



17 pmoles or 
10 13 molecules 



14 pmoles or 

8,6 x 10*2 molecules 



12 pmoles or 

7.5 x 10*2 molecules 



11 pmoles or 
6.6 x IP 1 * molecules 



10 pmoles or 

6 x 10*2 molecules 



8.3 pmoles or 

5 x 10*2 molecules 



7.1 pmoles or 

4.3 x 10*2 molecules 



6.3 pmoles or 

3.8 x 10*2 molecules 



5.6 pmoles or 
3.3 x 10*2 molecules 



Inmole 



0.1 pg 



1 pg 



10 M g 



20 pg 



30 pg 



40 pg 



50 pg 



60 pg 



70 pg 



80 pg 



90 pg 



100 pg 



120 pg 



140 pg 



160 pg 



180 pg 



Organism 



Base pairs/ 

haploid 

genome 



Base pairs/ 
diploid 
genome 



Length/cell 



Mass 
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III. Some useful cell dimensions 



Organism 



\S. cerevisiae 



S. pombe 



Mammalian cell 



E. coli 



Mammalian mitochondrion 



Mammalian nucleus 



Plant chloroplast 



Bacteriophage lambda 



Rlbosome 



Dimensions 



5 pm 



Volume 



2 x 7 pm 



66 pm 3 



22 pm 3 



10-20 pm 



1 x 3 pm 



500-4,000 pm 3 



2 pm 3 



1 pm 



0.5 pm 3 



pm 



66-500 pm 3 



1 x 4 pm 



3 pm 3 



50 nm (head only) ]| 6 ,6 x 10-s „ m 3 



30 nm diameter 



Globular monomerlc protein "]| 5 nm h^^. 



1.4 X IP'S p m 3 



6.6 x 10" a pm 3 



rage z ot 4 



III. Some useful concentrations 



Specific Protein rn n rp n traHn n <: 

Nucleus (200 pm 3 ): 

Abundant 
transcription 
factor 

Rare transcription 
factor 

Serum 



1 nM (100,000 copies/ nucleus) 
10 pM (1,000 copies/ nucleus) 



50-100 mg/ ml 



IV. Some useful Conversiontables 



Molar conversions for p rntain 



|l00 pmol 


Una | 


1 10,000 Da protein 


111"— 1 
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Protein / PNA conwwrci»» e 

1 kb of DNA encodes 333 amino acids ~/= 3.7 x 10* 



[Protein 


IDNA 




10,000 Da 


11270 do 


1 


|30,000 Da 


1 810 dp 


1 


1 100,000 Da 


"1 2.7 do 


1 



Nucleic acid content of a typical h„ ma „ ^„ 




RNA distribution in * typical mam^ij^ ^ „ 



[RNA species 



[rRNA (28S, 18S. 5<^ 



Relative amount 



[tRNAs, snRNAs, low MW species 



80-85% 



mRNAs 



15-20% 



~] fl-5% 



RNA content in v*rim ls cells *n,f tissues 




http://ww W . m edi 2 in.uni-tuebinge„.deyvirologie/exp_viroiExp_^ 
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Mouse tissue (100 m? i 



2-cell 



13-day-old- 
[embryo 



Ji0 1 24_ngj[n^ 



J|8-16-cell f|r, fi o„„ 



1.47 ng 



nd 
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*From a healthy individual. The leuknru^ ^„ .. . 

immunosuppression, to AO^TS^n^^V^ V3ry from 2 x 106 P^r ml In cases of 
and RNA content will vary accordingly ° ,nf,ammation < * 500 x io» during leukemia The DNA 
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Docket No. 1000-IO-CP 
SECOND SUPPL LORINCZ DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In Re Application of: James P. Elia 

Serial No.: 10/179,589 

Filed: June 25, 2002 

For: METHOD FOR GROWING 
HUMAN ORGANS AND 
SUBORGANS 



Group Art Unit: 1646 
Examiner: Elizabeth Kemmerer 



SECOND SUPPLEMENTAL DECLARATION 
OF ANDREW E. LORINCZ, M.D. 



I, Andrew E. Lorincz, declare as follows: 

1. I reside at 16135 NW 243 rd Way, High Springs, Florida 32643-3813. 



2. My Curriculum Vitae is attached was Exhibit A to my Declaration of November 
8, 2004. Paragraph 3 of my Declaration and my Supplemental Declaration of 
June 5, 2006 provide additional information regarding my background and 
experience. 

3. I have read the Examiner's criticism contained in paragraph 11, commencing on 
page 7 and ending on page 9 of the March 7, 2007 Office Action regarding the 
conversion of dosages of plasmid cDNA to dosages of cells. Such paragraph is 
set forth in Second Supplemental Exhibit A attached hereto. Specifically, I note 
the Examiner's criticism bridging pages 7 and 8 regarding the above-mentioned 
conversion that: 
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SECOND SUPPL LORINCZ DECLARATION 

...one of skill in the art would never think to attempt such 
an extrapolation. The unsound scientific basis for the 
conversion of plasmid DNA to cellular equivalents would 
be obvious to anyone trained in molecular biology. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 4, line 1 through page 5, line 14; at page 13, lines 3-10; at 
page 22, line 5 through page 24, line 15; and at page 26, line 3 through page 27, 
line 3. A copy of such disclosures is attached hereto as Second Supplemental 
Declaration Exhibit B. 

I have also read and understood additional disclosures of the above-referenced 
patent application at page 9, lines 14-16; page 17, line 1 through page 20, line 8; 
page 21, lines 23 and 24; page 27, lines 1-3; page 28, lines 12-16; page 32, line 20 
through page 39, line 19; and page 44, lines 8-17. A copy of such additional 
disclosures is attached hereto as Second Supplemental Declaration Exhibit C. 

5. I have read and understood Applicant's conversion for dosages of plasmid cDNA 
to equivalent corresponding dosages of cells set forth in attached Second 
Supplemental Exhibit D as it relates to Examples 18 and 17 of the specification, 
which are contained in Second Supplemental Declaration Exhibit C. 

6. In my opinion, the Examiner's criticism specifically delineated in Paragraph 3 
above is not credible. Contrary to the Examiner's opinion, studies involving 
conversion of the average (mean) content of nucleic acids per cell in human 
marrow cells have been routinely conducted and accepted by skilled scientists for 
over 50 years. Three (3) publications illustrating the use of such well known 
conversion are included in the attached Second Supplemental Declaration Exhibit 
E. Note that in two of the publications, typical conversion results are set forth in 
tables, thereby eliminating the necessity to perform the actual calculation, 
Obviously, a sound scientific basis exists in the medical art for such conversions. 
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Further, those skilled in the art understand that DNA content is substantially 
consistent from tissues of any given species. Consequently, a skilled medical 
person relying on sound scientific bases at the time of the present invention would 
reasonably have understood how to extrapolate plasmid DNA to cells on a weight 
basis. Applicant's use of 40 pg as an average weight for nucleic acids in a human 
cell is fairly representative. Thus, I find Applicant's conversion set forth in the 
attached Second Supplemental Declaration Exhibit D to be consistent with the 
extrapolations set forth above and commonly used and relied upon by skilled 
persons in the medical art. Accordingly, the dosages specified in Examples 18 
and 17 are sufficient to enable a person skilled in the medical art to convert 
dosages of plasmid DNA to corresponding dosages of genomic DNA within the 
context of Applicant's disclosed invention. 

7. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of 
the application or any patent issuing thereon, and (2) that all statements made of Declarant's own 
knowledge are true and that all statements made on information and belief are believed to be 
true. 

Further Declarant sayeth not. 



Date: H-M-OT Ci^L^ <f 

Andrew E. Lorincz, M.D 




3 



f 1 % 1 1 k , I 



1)1 i I 



PPU-. \ 
Ml A VU 



\ i ■ v lie * I 7 2un 

C IT- fl'lK AC I " ! f . 

uraii.raph I ! p. .ini 



Application/Control Number; 10/179,589 
Art Unit: 1647 



Page 7 



1 1 . Applicant admits on page 9 that Examples 17-19 employ nucleic acids, but asserts that 
one skilled in the art reading the specification, which teaches that cells, i.e., stem cells (BMC's) 
possess equivalent activity to genes (nucleic acids) and other genetic material in forming a new 
artery (i.e., promote morphogenesis of an organ — artery), would be able to easily extrapolate the 
number on a weight basis of mononuclear cells required to obtain equivalent results. According 
to the method for extrapolation provided in the footnote to pages 10-11, 250 fig of plasmid DNA 
(an amount described in Examples 17 and 18) divided by 40 pg, (asserted to be is the average 
DNA content of a cell; the species of cell is not disclosed) equals 6.25 x 10 6 , and therefore the 
Examples 17 and 18 instruct the skilled artisan to use 6.25 x 10 6 cells. This argument is not 
persuasive for several reasons. First, this method of converting plasmid DNA to cell equivalents 
is not included in the specification as filed. This is important because one of skill in the art would 
never think to attempt such an extrapolation. The unsound scientific basis for the conversion of 
|ig of plasmid DNA to cellular equivalents would be obvious to anyone trained in molecular 
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biology. One basic assumption of the recited conversion is that the 40 pg of cellular DNA 
comprises the same gene dosage a purified plasmid DNA. Every molecule of the postulated 
plasmid DNA comprises a copy of the VEGF cDNA. In contrast, VEGF coding sequences would 
comprise but one of 30-40 thousand genes in genomic DNA (at the time of filing, it was widely 
believed that the human genome comprised 100,000 genes). Therefore, one of skill in the art at 
the time of filing would not expect plasmid DNA and genomic DNA to be comparable on a per 
weight basis. Applicant's argument seems to view the living cell as little more than a container 
for DNA. The expression of the recombinant cDNA would be under control of the limited 
number of enhancer and promoter elements in the plasmid, as opposed the native control 
elements with the genome. Therefore, even equivalent gene doses would not be expected to yield 
equivalent amounts of gene product with a plasmid as opposed to a cell. Applicant's argument 
seems to view the living cell as little more than a container for DNA. Delivery of the genes to a 
target as recombinant DNA as opposed to native genes within a living cell are technically 
different processes; there is no basis for using one to guide the other. For example, with DNA 
one is concerned with chemical stability, efficiency of uptake, stable retention, and subsequent 
expression of the injected molecule into target cells, whereas with cells separate issues of 
formation of effective attachment to ECM and neighboring cells, short- and long-term viability, 
and responses to environmental cues arise. As evidence, one need look no further than the US 
Patent classification system. Methods of in vivo treatments involving whole live cells as 
opposed to nucleic acids are separately classified: class 424 subclass 93. 1 (cells); class 514, 
subclass 44 (polynucleotides). These separate classifications indicate a different status in the art 
such that it is well known that cell therapy and gene therapy are not obvious variants of one 
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another. Therefore, contrary to Applicants assertion on page 9, the specification does not 
describe any dosage of cells to use to promote artery growth. 
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EXHIBIT B 

DISCLOSURES 
APPLICATION SERIAL NO. 10/179,589 



PAGE 4. LIN E 1 - PARK S, I11VP 14 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EOF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 13. LINES 3-10 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, cloned cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 
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PAGE 22. LI NE 5 - PAC.F. 24. LINE IS 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient cultures), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
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(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminal^, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
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factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 

PAGE 26. LINE 3 - PAGE 27. LINE 3 

Organs and/or tissues can be formed utilizing the patient's own cells. For example, a 
skin cell(s) is removed from the intraoral lining of a cheek. The cell is genetically screened to 
identify DNA damage or other structural and/or functional problems. Any existing prior art 
genetic screening technique can be utilized. Such methods can utilize lasers, DNA probes, PCR, 
or any other suitable device,. If the cell is damaged, a healthy undamaged cell is, if possible, 
identified and selected. If a healthy cell cannot be obtained, the damaged cell can be repaired by 
excision, alkylation, transition, or any other desired method. A growth factor(s) is added to the 
cell to facilitate dedifferentiation and then redifferentiation and morphogenesis into an organ or 
function specific tissue. Any machine known in the art can be used to check the genetic fitness 
of the organ and its stage of morphogenesis. A cell nutrient culture may or may not be utilized 
depending on the desired functional outcome (i.e., growth of an artery, of pancreatic Islet cells, 
of a heart, etc.) or other circumstances. Replantation can occur at any appropriate stage of 
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morphogenesis. The foregoing can be repeated without the patient's own cells if universe, done- 
cells such as germinal cells are utilized. Germina. cells do not require a dedifferentiation. They 
simply differentiate into desired tissues or organs when properly stimulated. Similar.y, the DNA 
utilized in the foreign procedure can come from the patient or from any desired source. 

During reimplantation one of the patient's own cells is returned to the patient. During 
implantation, a cell not originally obtained from the patient is inserted on or in the patient. 

In the example above, if germinal cells (and in some cases, stem cells) are utilized, a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 
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EXHIBIT C 

DISCLOSURES 
APPLICATION SERIAL NO. 10/179,589 

PAGE 9, LINES 14-16 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 17, LINE 1 - PAGE 20, LINE 8 

EXAMPLE 10 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MSX-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 

BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 
from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
102 degrees F. 

MSX-1 and MSX-2 transcription factors are obtained which will initiate the expression of 
the MSX-1 and MSX-2 homeobox genes. 
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The MSX-1 and MSX-2 transcription factors, BMP-2 and MBP-4 bone morphogenic 
proteins, and MSX-1 and MSX-2 genes are added to the nutrient culture medium along with the 
living stem cells. 

EXAMPLE 1 1 

Example 10 is repeated except that the transcription factors bind to a receptor 
complex in the stem cell nucleus. 

EXAMPLE 12 

Example 10 is repeated except that the MSX-1 and MSX-2 transcription factors 
are not utilized. The transcription of the MSX-1 and MSX-2 homeobox genes is activated by 
applying an electric spark to the nutrient culture medium. 

EXAMPLE 13 

Example 10 is repeated except that the stem cells are starved and the transcription of the 
MSX-1 and MSX-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 

EXAMPLE 14 

WT-1 and PAX genes are obtained from a sample of skin tissue removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 
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BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 15 

The Aniridia gene is obtained from a sample of skin tissue removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
1 02 degrees F. 

The Aniridia transcription factor and growth factor and the Aniridia gene are added to the 
nutrient culture medium along with the living stem cells. 
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A primitive eye germ is produced. The eye germ is transplanted in the patient's body 
the optic nerve. As the eye grows, its blood supply will be derived from nearby arteries. 



EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three- 
dimensional, or simply a nutrient, and is useful in promoting the processes of cellular 
dedifferentiation, redifferentiation, differentiation, growth, and development, 

PAGE 21. LINES 23- 24 

An organ, as used herein, consists of two or more kinds of tissues joined into one 
structure that has a certain task. 
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PAGE 27. LINES 1- 3 

In the example above, if germinal cells (and in some cases, stem cells) are utilized 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 



PAGE 28. LINES 12-16 

Avascular necrosis can be corrected with the insertion of a gene(s) and/or growth factor 
or other genetic material in the body. For example, avascular necrosis is diagnosed near a joint 
space. VEGF or BMP genes, or VEFG or BMP growth factors produced by VEFG or BMP 
genes, respectively, or any other desired genetic based material can be inserted to regrow blood 
vessels and/or bone. 



PAGE 32. LINE 20 - PAGE 39. LINE 19 

EXAMPLE 17 

A 36-year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one-inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant 
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cDNA is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the 
growth of arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1 .0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F. to produce a genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized in 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only a 
single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown, can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic carrier solution is injected into the containment system at the first site. 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 
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After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site, a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site, a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
a new section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included -with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
culture, physiological nutrient cultures, vectors, promoters, etc. 
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One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials ex vivo into or 
onto a living cell in an appropriate physiological nurturing environment will also induce the 
growth of an organ. The VCSEL laser allows early detection in a living cell of a morphogenic 
change indicating that organ formation has been initiated. With properly time transplantation, 
organ growth completes itself. 

During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 



EXAMPLE 18 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injection intramuscularly. 
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Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEFG165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736bp CMV promoter/enhancer to drive VEGF expression. 
Other RAOTS promoters can be utilized to drive VEGF expression for longer periods of time. 
Other RAOTS recombinant clones of angiogenic growth factors other than VEGF can be 
utilized, for example, fibroblast growth factor family, endothelial cell growth factor, etc. 
Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These fragments 
occur in the RAOTS pUCl 18 vector, which includes an Escherichia coli origin of replication and 
the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 
saline at room temperature (or body temperature of about 73 degrees C). The syringe has a 
RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open-heart surgery, endoscopic surgery, direct 
injection of the needle with incision, or by any other desired means. The cardiac muscle 
immediately adjacent a clogged artery is slowly injected with the RAOTS construct during a five 
second time period. Injection is slow to avoid leakage through the external covering of muscle 
cells. About 0.5 ml to 1.0 ml (milliliter) of fluid is injected containing approximately 500 ug 
phVEGF165 in saline (N=l 8). The readily available off-the-shelf cDN A clones cause vascular 
growth which automatically integrates itself with the cardiac muscle. Anatomic evidence of 
collateral artery formation is observed by the 30 th day following injection to the RAOTS 
construct. One end of the artery integrates itself in the heart wall to receive blood from the heart. 
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The other end of the artery branches into increasingly smaller blood vessels to distribute blood 
into the heart muscle. Once the growth of the new artery is completed, the new artery is left in 
place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using, for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. Also, RAOTS angiograms or any other readily available commercial devices can be 
utilized. 

VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer, 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 19 

A patient, a forty-year old African-American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 
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A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space. A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701 XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 

An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five-second increments; and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 

PAGE 44, LINES 8-17 

EXAMPLE 35 

Example 17 is repeated except that the patient is a* 55-year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
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artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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EXHIBIT D 
CONVERSION 



The conversion for dosages of nucleic acids to corresponding dosages of 
cells was conducted as follows. Examples 18 and 17 specified dosages of 
500 micrograms (ug) and 250 ug, respectively. The weight of nucleic 
acids of an average cell was considered to equal 40 picograms (pg). The 
described dosages of 250 and 500 ug when converted to pg by multiplying 
by 10 6 equals 250 x 10 6 pg and 500 x 10 6 pg. Since nucleic acids of an 
average cell have an average weight of 40 pg, a conversion is made by 
dividing 250 x 10 6 and 500 x 10 6 by 40 to arrive at the equivalent cell 
dosages, which are 6.25 x 10 6 and 12.5 xlO 6 , respectively. 
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S^, . PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 

Studies on the Average Content of Nucleic Add. i„n » 



^?^° n ? fpr0Vi0Ufll y "Ported analyses of the 
deoxynbonuoleio acid phosphorus (DNAP) and 
nbonuote.o aoid phosphorus (RNAP) content 

■ ' } ' we now report a modification 
mvolvmg enumeration of the nucleated cell content 
of the samples analysed. Reeulta are expressed^ 
term- of DNAP and RNAP per cell (TaWeTlnd 
are average values for the growing and adult cell 
populat.ons of the analysed samples. Tht^ecZ 

M«^& R» (1049) suggest a striking oonsCy £ 
the DNAP content of normal cell nuclei from th^ 

„ j *"> of ^ «»me order as those quoted bv the 
Vendrelys for human liver nuclei. owa 

There ta no significant difference between the 
means for the normal and the leukaemic series, either 
to therapy ° r oonaid6rin « olU y ^uto leukaemia prior 

haf Z^r rie8 °- 8 T 68 ° f ^^ficiency anaemia 
J^ 0 **' variati °a of the mean 
DNAP and RNAP per cell from normal 

Results obtained from cases of pernicious and 
other megaloblastic anaemias are shown in Tables 2 

It must be noted clearly that the group under 



DAVTD80N, 

Glasgow, and the 

therapy cannot be considered as returned to normal 
either as regards blood picture, marrow cytology^ 

from that m the group prior to therapy parallels the 
genera^ 1 increase .in maturity of the m^ow under 
at^L f|«ly treated and returned to normal 
are under investigation. 

Table 1 

N ormal human marrow 

Values of Nuoleio Aoid Phosphorus (NAP) in 
/iff. x 10" T per oeU 

DNAP RNAP 

18 obs. 20 oba. 

on 16 on ig 

individuals individuals 

8-64 6-33 

2-89 303 

40-15-0 2-1-13-6 



Mean 

s.b. of obe. 
Observed range 



Ratio 
RNAP/ 
DNAP 



0-75 
0-326 
0-43-1*9 



Marrow from caeca of leukaemia of various types, 
before and during tfierapy 



Mean 

b.x. of obe. 
Observed range 



28 obe. on 
16 oasee 

8-75 
305 
3-&-17-4 



24 obs. on 
12 oases 

7*69 
3-72 
2-6-17-4 



Table 2. 



0-90 
0-30 
0-3-1-8 



Group as a whole 



Group prior to therapy 



Group during the oouree 

F thei 



of < 



*erapy 



Cases of pernicious anaemia and other megaloblastic anaemias 
NAP in /ig. x 10-' per oeU 

DNAP 
28 obe. on 12 eases 
12-6 
4-56 
6-6-22-8 

12 obe. on 12 oaaee 
12-57 
4-17 
81-22 8 

17 obs. on 8 oases 
1263 
4-86 
6-6-18-8 



Mean 

S.B. 

Observed range 
Mean 

S.B. 

Observed range 
Mean 

8.B. 

Observed range 



RNAP 
10-9 
603 
2-&-25-1 

11 obe. on 11 cases 
13-38 
619 
7-5-25 1 

15 obs. on 8 oaaee 
909 
4-21 
2-3-17-6 



Ratio DNAP/RNAP 
28 obs. on 13 cases 
0-87 

0- 27 
0-35-1*6 

12 obe. on 12 cases 

1- 06 
0-249 

0-69-1*5 

16 obs. on 9 oases 
0-73 
0198 
0-36-1 0 



Table 3. t test 



Megaloblastic series as a whole 

compared with normal series 
Megaloblastic series before 

therapv compared with 

normal 
Megaloblastic series during 

therapv compared with 

normal 

Megaloblastic series before and 
during therapy compared 



Degrees of freedom 
P 

Degrees of freedom 
P 

Degrees of freedom 
P 

Degrees of freedom 



of significance between means 

DNAP RNAP 
< 0-001 < 0-001 

44 Highly significant 44 Highly significant 
0-01-0-001 <0001 

28 Highly significant 29 Highly significant 



0-01-0-001 
33 Highly significant 

0-7-O-6 
27 Not significant 



0*06-0*02 
33 Significant 

0-05-0-02 
24 Significant 



Ratio RNAP/DNAP 

0- 2-0-1 

46 Not significant 

001- O001 

30 Highly significant 

0*8-0-7 
34 Not significant 

<0 001 
26 Highly significant 
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_ ._, REFERENCES 

^^N.,X^ e ,, 4White(J . a(1M7) ^ Mlwky, A. E. & Ris, H (1049) Nairn W 



Table 1. 



Time (min.) 

Addition^ ; 

ew-Aoonitate (5/unoI.) 
Citrate* 'active' fraction 



/So* Aearf aconilasc 

Citrio acid (^mol.) 



0-21 
0-08 
4-90 

6-27 



60 

800 

3- 96 

4- 34 

4-38 



Table 2. Pig heart isocitric dehydrogenase 



Fluoroacetate Poisoning and -Jam m i n ,*> * ^ * 

So far no iaolatod enzyme has been inhih ^K / *"** <W,M * y ' < 7 ""*^ 
Liebeoq & Peters (1940) (see also Mtott^ttSS 
ri£?2£ \ 1MB) ' fa due *° the^jam 

kidneyhoxno^ate. t^^^^SS^l 
tnoarborylic fraction, which is 'aotivTIn pre 
venting chsappoara.ee of added citrato. Thus aS 

££r burs - itrate? * °° fl ™~ 

acetate, but there is present a small amount of 5^"°°^^ only 
a F-oompound whioh is chromatographicaUy inwmar |« no + '««W Wion 
able from the trioarboxyUo acids 7 8 »«J+P^loromerouriobei«oio acid 

Wohavetriedtoflndtheexaotpomtofinlul.iUon " 
m the enzymes of the trioarboxyUo acid cycle W 
determining the effect of the 'active • t^\Zl ^ 
aconites* (Johnson, 1030, US SgZ£££ 
(Adler Euler. Qfinther & Plaas, 1939) and 
^°. deca ^°^ (Ochoa & Weiss 
1948), obtained from rat and vie heart ♦; D „T 
Tables 1. 2-d 3show thattherlulSw^eS- 
even when amounts of 'active' fraction werTu^d 
80 tunes larger than those inhibiting ci£Se^£ 
appearance in the kidney hoxnogenatea 

All the evidence from experiments in vivo and in 
v** (? mitochondrial homogenatee) points to 
lub.t.on by the 'active' compound aTeiSe^tt 



(max. value) 

0 076-0-066 
0-075 
0-004 



Table 3. «p heart oxaloeuccinic decarboxylase 
(CO, evolution from 10,unoi. oxaloaucoinate in 30 min 
»tl3CC. tfctvaluee) 

- CO. (ul.) 

Enzyme alone ' , ' 

Enxyme + 4 active • fraction na 

Knevme + DL-Mooitrate (control) 14 



w?^^ ^^°^^8onase stage. Hence, 
*o the conclusion that the complete^ 
«y«tem has properties not present in its isoUtod 
S e n rP° n(,ate ' Whether these be duo to 
ftctore of organization or to missing components 
must be decided by further work] 



Adler E., v. Euler, H., OOnther. G. 4 Pfe.. M , lft , fl , 
BxocXem. J. S3, 1028. 

!^ p o^* 0 ^, 11 ; A - (1949 >- * 'V** *«, 488. 
^ftSfiST * R - W - h oou»e 
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Appendix 
Nucleic Acids 



Nucleic Acids 

Content and Distribution 

Nucleic acid s in an average human ce ll 
DNA 



Coding sequences 
Number of genes 
Active genes 



Total UNA 

rRNAs 

tRNAs, snRNAs, and low mo I. wt RNA 
mRNAs 
nuclear RNA 
Ratio of DNA:RNA in nucleus 
Number of mRNA moleculesc 



Number 01 aitierent mRNA species " — 

Low abundance mRNA (5 15 copies/cell) 
Jtermediate abundance mRNA (200 400 copies/cell) 
High abundance mRNA (12 t 000 copies/c ell) 

Abundance of each message for " " — " 

Low abundance mRNA (5 15 copies/cell) 
Intermediate abundance mRNA (200 400 copies/cell) 
High abundance mRNA ( ]7 QQQ cop ies/oein 



30-60 ug/ml blood for human leukocytes. 
I - 5 ug/ml blood for human leukocytes. 
Average size of mRNA molecule = 1930 bases. 



-<> pg/cella 
3% of genomic DNA 
0.51.0 x 10 s 
1.5 x 104 



-10 50pg/cellb 

80 85% of total RNA 

15 20% of total RNA 

1 5% of total RNA 
-14% of total RN A 
-2:1 

02 l.Ox 10 6 



10 3.4 x 10 4 
1 1,000 different messages 
500 different messages 
<10 different messages 
<0.004% of total mRNA 
<0.1% of total mRNA 
3% of total mRNA 
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^age I or 4 

^ UMRECHNUINJGSTABELLE.7 

I. Conversiontable 




II. Some useful nucleotide dimensions 

1 cm of DNA ~ 3 x 10 6 nucleotides 



Organism 



~ir 



Base pairs/ 

haploid 

genome 



ir 



Base pairs/ 

diploid 

genome 



Length/cell 



Mass 



II — == — i 
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Human 



Fly 



6 x 10 9 



Yeast 



] 1.65 x 10 8 3 3 x in a 

L^XlQ* lQOrm (diploid) 

I1.35 x iQ7 im — " 



fr. CO// 



SV40 



2.7 x 107 



2 meter* 1 
Kdlploid) 6 pg 



4.7 x 10 6 



5 x 10 3 



10 cm (dolploid) 



1.5 cm (diploid^ 



1.7 nm 



[0 03 pg j 
0.0045 pg ~j 



0.000006 

pg 



III. Some useful cell dimensions 



Bacteriophage lambda 



Ribosome 



[Globular monome rlc protein f s nm 



H I HMI 
30 nm diameter || i * v in - 5 rT1 , 



6.6 x 1Q-3 um 3 




]|50 nm (head only) x 1Q . 5 Mm 3 '") 



^age ^ ot a 



111. Some useful concentrations 



Specific nrotein cnnr^^;^ 

Nucleus (200 pm 3 ): 

Abundant 
transcription 
factor 

Rare transcription 
factor 

Serum 



1 nM (100,000 copies/ nucleus) 
10 pM (1,000 copies/ nucleus) 



50-100 mg/ ml 



IV. Some useful Conversiontables 
Molar co nversions for protein 



|l00 pmol 


lluo | 


1 10,000 Da protein 


=EZ1 
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encodes 333 amino acids ~/= 3. 7 x 104 



|Protein 

1 10,000 Da 


l|DNA 




|30,000 Da 
|lOO,000 Da 


11270 dp 
l|810 dp 
112.7 do 


1 
1 



|PNA per cell 



DNA: RNA In nucleus 

Human genome size fhaploid) 



Coding sequences/ aenomir hma 



Number of genes 



Active genes 



[mRNA molecules 



Typical mRNA size 



[RNA species 



[rRNA (28S, 18S. ^ 



tRNAs, snRNAs, low MW shpHoc 



ImRNAs 



RNA content in varim.o r e lls anH w« m 



Source 



Celi cultures (10? cells^ 



1NIH/3T3 



Mouse-developmental stages (per 
organism) VH 



H~ 10-30 pq 




]|3%" 



0.5-1 x 10 s 



l fl.5 x 1Q4 



\2 x 10 s - 1 x 10* 



^900 nt 



Relative amount 



j |80-85% 



15-20% 



fl-5% 



ZD 



Total 
RNA 



30-500 



120 



HeLa 



COS-7 



Unfertilized egg 



ll50 



mRNA 
(uq) 



0.3-25 



350 



Oocyte 



0.43 ng 



[0.35 



ng 



nd 



nd 
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and RNA content will vary accordingly mnammatlon ' to ™ * 10* during leukemia. The DNA 
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ABSTRACT 



A method of treating cardiac or myocardial conditions 
comprises the administration of an effective amount of 
autologous hone marrow. The bone marrow may optionally 
be stimulated and/or administered in combination with a 
pharmaceutical drug, protein, gene or other factor or therapy 
lhat may enhance bone marrow production of angiogenic 
growth factors and/or promote endothelial cell proliferation 
or migration or blood vessel formation. 
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INTRA MYOCARDIAL INJECTION OF 
AUTOLOGOUS BONE MARROW 

CROSS -REFERENCE TO RELATED 

APPLICATIONS 5 

This application is a national stage application of inter- 
national application PCT/US 00/083 53, filed 30 Mar 2000 
which claims benefit to U.S. Provisional Application Nos' 
60/1 26.800, filed 30 Mar. J 999, and 60/1 38,379, filed 9 Jun' to 



FIELD OP THE INVENTION 

This application is directed to a method of iniectinc 15 
autologous bone marrow. More specifically, this invention is 
directed to lnlramyocardial injection of autologous bone 
marrow to enhance collateral blood vessel formation and 
tissue perfusion. 

BACKGROUND OP THE INVENTION 2 ° 

The use of recombinant genes or growth-factors to 
enhance myocardial collateral blood vessel function may 
represent a new approach to the treatment of cardiovascular r$ 
disease. Komowski, R., et a]., "Delivery strategies for 
therapeutic myocardial angiogenesis", Circulation 2000* 
101:454-458. Proof of concept has been demonstrated in 
animal models of myocardial ischemia, and clinical trials are 
underway, linger, E. P., et al., "Basic fibroblast growth 30 
factor enhances myocardial collateral How in a canine 
model". Am J Physiol 1994; 266:H1 588-1 595; Banai, S. et 
al., "Angiogenic-induced enhancement of collateral blood 
(low to ischemic myocardium by vascular endothelial 
growth factor in dogs'", Circulation 1994; 83-2189; Laz- 35 
arous, D. P., et al., "Effect of chronic systemic administra- 
tion of basic fibroblast growth factor on collateral develop- 
ment in the canine heart", Circulation 1995; 91:145-153; 
Lazarous. D, F., et al.. "Comparative effects of basic devel- 
opment and the arterial response to injury", Circulation 40 
1996; 94:1074-1082; Giordano, F. J., et al., "Intracoronary 
gene transler of fibroblast growth factor-S increases blood 
How and contractile function in an ischemic region of the 
hean". Nature Med 1996; 2:534-9. Most strategies for 
trans-catheter delivery of angiogenic factors have employed 45 
an intracoronary route which may have limitations due to 
imprecise localization of genes or proteins and systemic 
delivery to non-cardiac tissue. Thus, it would be desirable to 
have the capacity for direct delivery of angiogenic factors or 
genes to precisely defined regions of the myocardium rather 50 
than to the entire heart, and to minimize the potential for 
systemic exposure. Guzman, R. J., et al., "Efficient gene 
transfer into myocardium by direct injection of adenovirus 
vectors". Circ Res 1993; 73: 1202-7;' Mack, C. A, et al., 
"Biologic bypass with the use of adenovirus-mediated gene 55 
transfer of the complementary deoxyribonucleic acid for 
VEGF-121, improves myocardial perfusion and function in 
lite ischemic porcine heart", J Thorac Cardiovasc Surg 
1998;! 15:168-77. 

The effect of direct intra-operative intra myocardial injec- 60 
lion of angiogenic factors on collateral function has been 
studied in animal models of myocardial ischemia. Open 
chest, transepicardial administration of an adenoviral vector 
containing a transgene encoding an angiogenic peptide 
resulted in enhanced collateral function. (Mack et al., supra.) 65 
Angiogenesis was also reported to occur with direct 
intramyocardial injection of an angiogenic peptide or a 



myocardial angiogenesis: i, j.Tal c l'in c I Tr^n T'7 °' 
myocardial injection of ph VRGF fi s t T, u T 
myocardial ischemia", cL/I „ \l>* £!?x$? npy 

peutic angiogenic response. Moreover, it i, unclear which 

r a ( l m °^ 0lU °/ mU ! tip!e ^"Siogenic growth factors v 
be associated with a beneficial angiogenic response n 
addition, the use of different tissue delivery plmlbrms e " 
proteins, adenovirus, or "naked" ON A. 10 promote .he 
optimal angiogenic response has remained an open issue. 

OBJECTS OP THE INVENTION 

It is an object of this invention to provide a novel 
therapeutic modality wherein autologous hone marrow is 
injected to promote angiogenesis in the injected tissue 

It is also an object of this invention to provide a novel 
method oj intramyocardial injection to enhance collateral 
blood vessel formation and tissue perfusion. 

These and other objects of the invention will become 
more apparent in the discussion below. 

SUMMARY OF THE INVENTION 

Most currently tested therapeutic approaches have 
focused on a single angiogenic growth factor (*■ g VFGF 
FGF, angiopoietin-1) delivered 10 the ischemic tissue Thi* 
can be accomplished either by delivery of the end-product 
(e.g., protein) or by gene transfer, using diverse vectors 
However, it is believed that complex interactions anion* 
several growth factor systems are probably neeessarv for the 
initiation and maintenance of new blood vessel formation 
More specifically, it is believed important to induce a 
specific localized angiogenic milieu with various angiogenic 
cytokines interacting in concert and in a lime-appropriate 
manner to initiate and maintain the formation and funciion 
oi new blood vessels. 

The bone marrow (BM) is a natural source of a broad 
spectrum of cytokines and cells that are involved in the 
control of angiogenic processes. It is therefore believed that 
the intramyocardial injection of autologous (A) BM. by 
taking advantage of the natural ability^of these cells to 
secrete many angiogenic factors in a time-appropriate man- 
ner, provides an optimal intervention for achieving thera- 
peutic collateral development in ischemic myocardium. 

According to the invention autologous bone marrow is 
injected, either as a "stand alone" therapeutic agent or 
combined with any pharmacologic drug, protein or gene or 
any other compound or intervention that may enhance bone 
marrow production of angiogenic growth factors and/or 
promote endothelial cell proliferation! migration, and blood 
vessel tube formation. The "combined" ngent(s) can be 
administered directly into the patient or :arget tissue, or 
incubated ex-vivo with bone marrow prior to injection of 
bone marrow into the patient. Non-limiting examples of 
these "combined" agents are Granulocyte -Monocyte Co Ion v 
Stimulatory Factor (GM-CSF). Monocyte ( 'hemoallraetant 
Protein 1 (MCP-I), and Hypoxia Inducible Factor- 1 (||||-- 
I). An example of an intervention that may enhance bone 
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marrow production of angiogenic factors is ex-vivo expo- 
sure ol bone marrow cells to hypoxia. The autologous bone 
marrow, alone or with "combined" agents, can be delivered 
to the patient directly via either trans-endocardia! or trans- 
cpicardial approaches into either ischemic and/or nonis- 
chemic myocardium, or directly into any other ischemic 
organ (including a peripheral limb) to enhance and/or pro- 
mote the development of collateral blood vessel formation 
and therefore collateral flow to ischemic myocardium or 
ischemic limbs. This approach can also be used to promote 
the development of newly implanted dedifferentiated and/or 
d.nerenuaicd myocardial cells by the process of cardiac 
myogenesis. 

The invention comprises various autologous bone marrow 
transplantation strategies to enhance angiogenesis and/or 
myogenesis and thereby accelerate the development of new 
blood vessels into ischemic myocardium or lower extremi- 
ties. Another aspect of the invention concerns the strategy of 
"optimization of angiogenic gene expression." This strategy 
employs co-administration of HIF-1 with the autologous 
bone marrow. HIF-1 is a transcription factor known to be 
induced and activated by hypoxia, and known to induce 
expression ol multiple genes involved in the response to 
hypoxia. A similar approach involves the exposure of 
autologous bone marrow to endothelial PAS domain protein 
! (EPASl). EPASl shares high structural and functional 
homology with HIF-1. The strategy also involves the ex- 
vivo exposure of the bone marrow to hypoxia to increase the 
production of vascular endothelial growth factor (VEGF) 
expression or other cytokines with proven angiogene activ- 
ity (such as MCP-i ) prior to its direct injection into the heart 
or any peripheral ischemic tissue, this invention thus 
includes the direct intramyocardial (trans-epicardial or 
trans-endocardia)) or peripheral intramuscular injection of 
autologous bone marrow; stimulated autologous bone mar- 
row, (or example, stimulated by HIF-1 , EPASl, MCP-J, 
GM-CSF, or transient exposure to hypoxia or other forms of 
energy, such as ultrasound, RF, electromagnetic or laser 
energy; or autologous bone marrow product derived from 
conditioned medium (acellular component/s of cultured 
bone marrow). The stimulation of the bone marrow could be 
by the direct exposure of the bone marrow to the factors in 
the- form of proteins, or (he bone marrow cells can be 
trans fee led with vectors carrying the relevant genes. For 



tVt ^ iL " 13; colon y-sii»Hilating factors, throm- 
bopoietin, erythropoietin, stem cell factor, hi 3-h^ncl hen; . 
tocyte ce| i growth factor, tumor necrosis (actor" ^ a e . 

5 S Leta ^ ' 
5 and beta 3, and macrophage mMamma.ory protein I alpha) 

angiogenic factors (fibroblast growth factors I and AJ- 

cular endothelial growth factor) and mediators whose".,, nl 

Si"? S °T e) iS , lhe «i-ue-forming c 

platelet-derived growth tactor A, epidermal growth lactor 
10 transfonmng growth factors alpha and beta 2. oncosiniin M 

™| SU f ? 8 ^° W,h rnctoM >- «' «e»ro»al cells (nerve 
growth factor). Sensebe. L., e, al.. *,,„, Cells ,«,.,7 
15:133-43. Moreover, it has been shown that VRiF 
polypeptides are present in platelets and inegacarvocytes 
15 and are released from activated platelets together with the 
release of beia-thromboglobulin. Wartiovnarn U el il 
Thromb Haemost 1998; 80:171-5: Mohle \i AW AW 
Acad Sci USA 1997; 94:663-8. 

There are also indicators to support the concept tiun 
20 angiogenesis is needed to support bone marrow function and 
development of hematopoietic cells, including stem cells 
and progenitor cells, that may enter the circulation and target 
to sites ot wound healing and/or ischemia, ultimately con- 
tributing to new blood vessel formation. Monoclonal ami- 
25 bodies that specifically recognize undifferentiated mesen- 
chymal progenitor cells isolated from adult human bone 
marrow have been shown to recognize cell surface markers 
of developing microvasculature, and evidence suggests such 
cells may play a role in embryonal angiogenesis. Fleming I 
E., Jr., Dev Dyn 1998; 212:119-32. 

Bone marrow angiogensis may become exaggerated in 
pathologic states where the bone marrow is being"aciivated 
by malignant cells (such as in multiple myeloma) where 
bone marrow angiogenesis has been shown to increase 
simultaneously with progression of human multiple 
myeloma cells. Ribatti, D., el al., /*#■ ./ Cancer 1999. 
79:451-5. Moreover, vascular endothelial growth factor 
(VEGF) has been shown to play a role in the growth of 
hematopoietic neoplasms such as multiple myeloma, 
through either a paracrine or an autocrine mechanism 
Bellamy, W. T, Cancer Rex 1999; 5*>:72.K-33; Fiedler VV 
Blood 1997; 89:1870-5). It is believed that autologous hone 
marrow, with its unique native humoral and cellular prop- 
erties, is a potential source of various angiogenic eom- 
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, , / ° : fa wi^. i v.. ci i j , is a poienuai source o various anuiosenic com- 

example, bone marrow can be transfected with B plasmid 45 pounds. This natural source of ••mixed" angtage ■ c cy k- 

vector, or with an adenovira verfnr rarrvino th« uici ^ : „ _„„• - , . diifeiufctnu. cyioK 



vector, or with an adenoviral vector, carrying the HIF-1 or 
EPASl transgenes, 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is o graph of the proliferation of PAEC's vs. the 
quantities of conditioned medium; 

FIG. 2 is a graph of the proliferation of endothelial cells 
vs. the quantities of conditioned medium; 

FIG. 3 is a graph of the concentration of VEGF in 
conditioned medium over a four-week period of time; and 

FIG. 4 is a graph of the concentration of MCP-J in 
conditioned medium over a four-week period of time. 

DETAILED DESCRIPTION OF THE 
INVENTION 



55 



ines can surprisingly be utilized as a mixture of potent 
interactive growth factors to produce therapeutic angiogen- 
esis and/or myogenesis; use of the cells per se could provide 
a more sustained source of these natural angiogenic agents. 
One of the factors that most likely participates in initialing 
angiogenesis in response to ischemia is HJF-I. a potent 
transcription factor that binds to and stimulates the promoter 
of several genes involved in responses to hypoxia. Induction 
and activation of HIF-1 is lightly controlled by tissue pG2; 
HIF-] expression increases exponentially as pQ2 decreases, 
thereby providing a positive feedback loop by which a 
decrease in p02 causes an increase in the expression of gene 
products that serve as an adaptive response to a low oxyuen 
environment. Activation of HIF-1 leads, for example, to Uie 
induction of erythropoietin, genes involved in glycolysis, 
and to the expression of VEGF. It probably also modulates 
the expression of many other genes that participate in the 
adaptive response to low p02 levels. The mechanism by 
.m. i.ivuivtu ,„ lllc wm.u, Wl ttinjmjjcmt aau which HIF-1 regulates levels of proteins involved in ihe 
>ry processes. The cytokines expressed comprise 65 response to hypoxia is through transcriptional regulation of 

- .cnown to he involved in the maintenance of early genes responding to low p02. Thus, such $>cnes have short 

a.Kllaiehcmatopoicsis(IL-l alpha and IL-1 beta, IL-6, IL-7, DNA sequences within the promoter or enhancer regions 



Bone marrow is a natural source of a broad spectrum of 
cytokines that are involved in the control of angiogenic and 
inflammato 
mediators kn 
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tomaiii HIF-I binding sites, designated as hypoxia genes For example hnn. 

responsive elements (HRE). HIF-1 is a heterodimer with a J| Jm'id vecTa o wiM T * •»"»>«:.«. w„„ 

basic helix-loop-helix mo.if. consisting of the subunits HIP- HIF orTpAS I L ade,,c,viri " v «'or. carrying the 

la and HIF-1 p. Its levels are regulated by p02 both tran- cLlZl 

scnptionally and posttranscriptionally — HIF-1 induction is 5 r , ! ■ r Ca,e ,lle ""pona.ice of monoevte-derived 

increased by hypoxia, and i.s half-life is markedly reduced ~ Z ' or . enha «-'ng collateral (unction. Monocytes are 

as P 02 levels increase. activated during collateral growth in vivo, and monocyte 

I. is relevant tha, while expression of HIF-1 (as dete, S^vWKle^S^!, * ^ 

mined .in HeU ce„s) is exponentially and inverse.y related , 0 *c vascular wall in^£|^ h *^ 

to P 02. the inflection point of the curve occurs at an oxygen 8 enesis > and capillary sprouting (angiogene*-;) MCP I 

saturation of 5%, with maximal activity at 0.5% and 'A also sh . own 10 e '^a»ce collateral growth a tier femoral artery 

maximal activity at 1.5-2.0%. These are relatively low °, CCl , l ' S '° n '"' he rabbil ^ironic hindlimb ischemia model (ho 

levels of hypoxia, and it is not clear whether such levels ™ t' K \ '■" 7i 80:82y ~ 3 >- Activation of monocy.es 

occur in the presence of mild levels of myocardia, or lower » ST^ffi JrSjT^S T 

b level, present in the absence of tissue LPS is Locl^d ^^^^Z^^^ 

necrosis (myocardial infarction, and leg ulcerations, respec- enhanced collateral and peripheral conductance' a! 7 days 

lively). Thus, bone marrow cells could have the capacity to after experimental arterial occlusion (Anas M. et al / ch„ 

secrete angiogenic factors and thereby enhance collateral 20 199 8;10] :40-50.) 

development. However, it is possible that such activity may . A furlher as P (icI of the invention involves the ex-vivo 

not become manifest in the specific tissue environments simulation of aspirated autologous bone marrow by MCP- 1, 

treated unless some additional stimulus is present It is ~ flShJ fcS' ^ ^"T* BCliVah:d bone marrow 

8 preferr i d of the ° — : » ^^^^n^:^ 

.ster. it necessary, bone marrow implant with HIF-1 . It is and muscular function in cardiac and/or peripheral ischemic 

anticipated that HIF-1 will provide optimal expression of tissi,e - The stimulation of the bone marrow could be by the 

many of the hypoxia-inducible angiogenic genes present in direct ex P 0Slirc of the bone marrow to MCP - 1 in the form of 

the hone marrow implant. The HIF-1 can be injected either the P rolein » or the bone marrow cells can be trnnslecied with 

as the protein, or as the gene. Has the latter, it can be injected 30 ° VeCl ° r ^T 7 "^ r J? e MCP ' X 8 eiU5 - *™ example, bone 

. , , injected marrow can be trans ected with a plasmid vector or with m 

,.. er ,n plasmid or v.rnl vector, or any other manner that adenoviral vector, carrying the M C P- 1 t ra ns uene 

ends to nmcnonally relevant protein levels. For example, Granulocyte- macrophage colony -stimulating factor (GM- 

bone .narrow can be transtecled, ex vivo, with a plasmid CSF) and Granulocyte-Colony Stimulatory Factor (O-CST) 

vector, or with an adenoviral vector, carrying the HIF-I or 35 are stimulatory cytokines for monocyte maturation and are 

GPSA1 transgenes. It is emphasized, however, that HIF-1 is multipotent hematopoietic growth factors, which are utilized 

used in this section as an example of an intervention that in climcal Practice for various hematological pathologies 

could enhance production of angiogenic substances by bone SUch ™ de P ressed while blood cel1 covmt (i.e.. leukopenia or 

•narrow. This invention also covers use of other aaents ^nulocytopema or monocytopenia) which occurs usually 

i i i . . IJir , ' agents, m response to immunosuppressive or chemotherarw treat- 
w hie h by enhancmg Hlr-1 act.v.ry (i.e., prolonging its ment in cancer patients. GM-CSF has also been ^siribedt 
hall-hie), or by producing effects analgous to HIF-1, stimu- a multilineage growth factor that induces in vitro colony- 
late the bone marrow to increase expression of angiogenic formation from erythxoid burst-forming units, eosinophil 
factors. A similar approach involves the exposure of autolo- colony-forming units (CSF), and muhipotential (CSF). as 
gous bone marrow to endothelial PAS domain protein J 45 We " as from Sf^w^cyle-macrophage CSF and granulocvie 
(EPAS1). EPAS1 shares high structural and ftmctional CFU ' (B ° l F " J " Exp HemQto1 19 ^, 17::>92-5). Ex-vivo 
homology with HIF-1. exposure to GM-CSF has been shown to induce rapid 

r , wr ,. c ' .... proliferation of CD-34+ progenitor cells (Egeland T. et a I., 

Because V EG F promoter activity is enhanced by HIF-1, Blood 1991; 78:3192-9.) These cells have the potential to 

this invention also includes the ex-vivo exposure of bone 50 differentiate into vascular endothelial cells and mnv muu- 

marrow cells m culture to hypoxia or other forms of energy, rally be involved in postnatal autogenesis In addition 

such as for example, ultrasound, RF, or electromagnetic GM-CSF carries multiple stimulatory effects on macroph- 

energy. I his intervention increases VEGF and other gene age/monocyte proliferation, differentiation, motility and sur- 

cxpression. By this eflect it may augment the capacity of vival (reduced apoptotic rate). Consistent with the combined 

bone marrow to stimulate angiogenesis. 55 known effects on bone marrow derived endothelial progeni- 

Another aspect of the invention involves the ex-vivo lor cells and monocytes, it is another aspect of the invention 

stimulation of aspirated autologous bone marrow by HIF-1 to use GM-CSF as an adjunctive treatment to autologous 

(or products that augment the effects of HIF-1 or produce bone marrow injections aimed to induce new blood vessel 

similar effects to HIF- 1 on bone marrow) or direct exposure formation and differentiation in ischemic cardiovascular 

of bone marrow to hypoxic environment followed by the 60 organs. Moreover, GM-CSF may limner enhance (hempen- 

delivery of activated bone marrow cells to the ischemic tic myocardial angiogenesis caused by bone marrow, by 

myocardium or peripheral organ (e.g., ischemic limb) to augmenting the effect of bone marrow, or by further stinui- 

enhance collateral-dependent perfusion in cardiac and/or laling, administered either in vivo or in vitro, bone marrow 

peripheral ischemic tissue. The stimulation of the bone that is also being stimulated by agents such as HIF- 1, 

marrow could he by the direct exposure of the bone marrow 65 EPAS1, hypoxia, or MCP- 1 . 

to the factors in the form of proteins, or the bone marrow J n the examples below, certain testing regard inu aspects of 

cells can be trans fected with vectors carrying the relevant the invention is set forth. These examples are noivlimilativc. 
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EXAMPLES c(r 8 

Eflects of Condemned Medium on PAEC DNA Synthesis 
Example I Aliquotes (10 jiL, 30 (.iL, 100 ul . or 200 .,1 \ „r , 

Honed medium from pooled s-,mni» ' * 1 ' K '" 

Enec, of Bone Marrow Culmred Media o„ , (LTCM. 200 uL) ^£LT??p£ ™T 7*?"* 

Endothelial Cell Proliferation (same seeding density „ above)in ' JJJ.^ Pj«< 

Studies we, conducted to determine whether aspirated i£ ^ dE-TS' pS," ^ ~ h T 
ptg amologous bone marrow cells obtained secreted VEGF, harvester (Mach III M TonSc I-hJh r' " Cc " 

-i potent angiogenic factor, and MCP-I, which recently has in activity was com ted hv i t i' ". amden - Co «"-> «"«< radio- 

cells (PAKO). and after four day's ^roHermtwa ^"f^" ° f VEGI? — MCP-I in (Conditioned 

assessed. VEGF and MCP-1 levels in the conditioned m 111 kLISA VEGF 

in cZ'nT Rm"^ ^ US ' m EL,SA ' Dl ' ri,1 S " ,e four we <** ' COnCe,,,ralio » of VEGF in conditioned medium w ,« 

culture, BM cells secreted VEGF and MCP-1, such that measured «*ing a sandwich EL ISA kit (Chem 2 n e 

.he concentrates increased in a time-related manner. The ,ic " lal Temecula, Calif. V Briefly a p L " P re ^ , e \v I V 

-csi.li.ng conditioned medium enhanced, in a dose-related «nti-human VEGF antibody was tisec u I b '.K '-r ■ ,' 

nmner the prolitermion of PAECs. The results indicate that 2 o conditioned medium or to a know , c o, cen i , o t" 

ce, s '^PiWe oi secreting potent angiogenic cytok- binant VEGF. The complex was de tec ed I I d i 

K^SSX* — — BP-i^tion ~ -ibocly, which iS^^SS. 

Pig Bone Marrow CuU^ ^ anlib ° dy ' Urn Wi ' S « M 

Bone marrow (BM) ceMs were harvested under sterile 2,^T^ m £Zt^r^T re ^ ,inAMlU - 

conditions from p,gs with chronic myocardial ischemia in porcine VEGF V cross - rei,<;,s 

preservative free heparin (20 units/ml BM cells) and filtered n , 

^..entially using 300p and 200p stainless steel mesh filters D^inahon ol MCP-1 in Conditioned Medium hv 
BM cells were then isolated by Ficoll-Hypaque gradient 

; i *' U ft'' a " d ,?'ll l 'T d in l0 »S-'enn culture medium .10 The concentration of MCP-1 in conditioned medium w;k 

(UCM (Stem Cell Tech, Vancouver. British Columbia, b y sandwich enzyme immunoassay kit (It & n 

Canada) a. 330° C. with 5% CO, in T-25 culture flask. The S ^«e««. Minneapolis. Minn.): a plate prccLcd with „ , 

seeding density of the BMCs in each culture was 7x J 067ml. MCP-1 antibody was used ,0 bind MCP-l n e 

wi Ttrifcl l\ If 1 "h WaS , re " 10Ved fi a " d "P'-ced or to a known concentration o rl - 

« .Hi Ires , LTCM. I he removed medium was filtered (0.2u 35 binant protein. The complex was detected bv ihe hin. „ 

hl.er)a„d stored at -200= C. for subsequent Enzyme-linked lated anti-MCP-1 antibody, wl 5ch I ST . . he enn , i 

.mnn.no.sorbent Assay (ELISA) and cell probation MCP-1. The bio.iny.a.edVp nUltdv J" ™ 

' l/olatinn and Culture of Pig Aortic Endothe.ia, Cells ^^T^^Z^^T' 71 ' 7'°' gC "' 

l iesh pig aortic endothelial cells (PAECs) were isolated 40 reacts with porcine MCP antibody cross- 

using conventional methods. Endothelial cell growth d ■ pirt " 1CMt -' '• 
medium (EGM-2 medium. Clonetics, San Diego, Calif.). 

containing 2% FBS, hydrocortisone, human FGF, VEGp! TllC BM cond '''»"ed medium collected at lour weeks 

human EOF, IGF, heparin and antibiotics, at 37° C. with 5% increased, in a dose-related manner, the proliferation of 

carbon d.oxide. When the cells became confluent at about 7 as PAECs ( F,G - J ) This was demonstrated by coimiimi the 

days, they were split by 2.5% trypsin and cultured thereafter mu " ber °'' cells directly and by measurina tri.ia.ed thymi- 

m medium 1 99 w„h 10% FBS. Their identity was confirmed dine uptake (p<0.001 for both measurements) The do I 

by ypical endothelial cell morphology and by immunohis- ^bted response demonstrated a descending limb nrolifer, 

fl'SSil' ?ud: C, ° r PaSSage 3 " 10 Wefe " S6d ,i0 " de r Creased ^ ™ ^ conditioned nuidaim com p; ed 
ft ST,' ' .• 50 ,0 30 ^ Land 100uL(P0.003 for both comparisons) Similar 

( Jjlccs ol Conditioned Medium on Aortic Endothelial dose-rela.ed results were observed in the tntiated thymidine 

C„. proliferation assay: PAECs (Passage 3-10) were ^X^f 30 ^ '°° ^ ~ ^ W 

removed irom culture flasks by trypsinization. The detached A r •, / L , 

cells were transferred to 96-weli culture plates and plated at 55 , 1 ""niber (5-4%) of freshly aspirated 13M cells 

a seeding density of 5,000 cells/well. Cells were cultured for p?A P ° SMlVe f ° r feclor VIH - The resu,ls ore se[ ,brlh i(1 

2-3 days before being used in proliferation and DNA pi ^ ^ $ contraste ^ t0 57+14% of the adherent layer of 

synthesis experiments. The conditioned medium of BM ceils ° ells cuIlured for 4 weeks, of which 60+23% were 

cultures were collected at 4 weeks; medium from 7 culture endotheJial-Jike cells and 40±2S% appeared to be n\c£n- 

flasks were pooled and used in the bioassay. Aliquotes (10 60 kar y° c y tes - 

pL 30 pL. 100 pL or 200 pL) of pooled conditioned Over a 4-week period, the concentrations of VEGI-' and 

medn.ni, or LTCM (200 pL ; as control), were added to MCP-I in the BM conditioned medium increased gradually 

conllueni PAIiCs m 96-well plates in triplicate. Four days to 10 and 3 times the 1st week level, respectively (P<()0()1 

iollowmg culture with conditioned medium or control for both comparisons) (FIG. 3). In comparison Vf-XiF-md 

medium, ihe PAECs were trypsiuized mid counted using a 65 MCP-1 levels in a control culture medium not' exposed to 

cell counter (Coulter Counter Beckman Corporation, Miami BM, were 0 and 1 1 ±2 pg/ml. respectively, as ,how n j„ r-|(i 

Ma.). a ' 
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Frlects of Hypoxia on VEGF Secretion by Cultured 
Pig Bone Marrow Cells 

If was demonstrated that hypoxia markedly increases the * 
expression ol VEGF by cultured bone marrow endothelial 
cells, results indicating that ex-vivo exposure to hypoxia, by 
increasing expression of hypoxia-inducible angiogenic fac- 
tors, can further increase the collateral enhancing effect of io 
bone marrow cells and its conditioned media to be injected 
in ischemic muscular tissue. Pig bone marrow was harvested 
and filtered sequentially using 300u and 200p stainless steel 
mesh lifters. BMCs were then isolated by Ficoll-Hypaque 
gradient centrifugation and cultured at 33° C. with 5% C02 15 
in T-75 culture flasks. When cells became confluent at about 
? clays, they were split 1 :3 by trypsinization. After 4 wks of 
culture, the BMCs were either exposed to hypoxic condi- 
tions (placed in a chamber containing ]% oxygen) for 24 to 
1 20 hrs. or maintained under normal conditions. The result- 20 
ing conditioned medium was collected and VEGF, MCP-1 
were analyzed by ELISA. 

Exposure to hypoxia markedly increased VEGF secre- 
tion: At 24 hrs VEGF concentration increased from 106±13 
pg/ml under normoxic, to 1,600*196 pg/ml under hypoxic 25 
conditions (p=0.0002); after 120 hrs it increased from 
4,I63±62 to 6,028*167 pg/ml (p<0.0001). A separate study 
was performed on freshly isolated BMCs, and the same 
trend was found. Hypoxia also slowed the rate of prolifera- 
tion of BMCs. MCP-1 expression was not increased by 30 
hypoxia, a not unexpected finding as its promoter is not 
known to have H1F binding sites. 



Example 3 

I fleet of Bone Marrow Cultured Media on 
Endothelial Cell Tube Formation 



35 



It was demonstrated, using pig endothelial cells and 
vascular smooth muscle cells co-culture technique, that the 40 
conditioned medium of bone marrow cells induced the 
formation of structural vascular tubes in vitro. No such effect 
on vascular tube formation was observed without exposure 
to bone marrow conditioned medium. The results suggest 
thai bone marrow cells and their secreted factors exert 45 
pro-nngiogenic effects. 

Example 4 

The effect of Transendocardial Delivery of 50 
Autologous Bone Marrow on Collateral Perfusion 
and Regional Function in Clironic Myocardial 
Ischemia Model 

Chronic myocardial ischemia was created in 14 pigs by 55 
the implantation of ameroid constrictors around the left 
circumflex coronary artery. Four weeks after implantation, 7 
animals underwent transendocardial injections of freshly 
aspirated ABM into the ischemic zone using a transendocar- 
dial injection catheter (2.4 ml per animal injected at 12 sites) 60 
and 7 control animals were injected with heparinized saline. 
At baseline and 4 weeks later, animals underwent rest and 
pacing echocardiogram to assess regional contractility (% 
myocardial thickening), and microsphere study to assess 
col lateral -dependent perfusion at rest and during adenosine 65 
infusion. Four weeks after injection of ABM collateral flow 
(expressed as the ratio of ischemic/norma 1 zonexlOO) 



""Proved m ABM-treated pigs but not in controls (ABM 
95±I3 vs 81*1) at rest, P-0.017; 85* I 9 vs 72*10 durimi 
adenosine, P-0.046; Controls: 86-14 vs 86±J4 at rc<\ 
P—NS; 73-17 vs 72-14 during adenosine, P-0.61) Simi- 
larly, contractility increased in ABM-treated P i*s but not in 
controls (ABM: 83±21 vs 60±32 at rest p,0<>V " 
35*43 during pacing, P-0.056. Controls: 69-48 vs 64±46 u 
rest, P=0.74; 65-56 vs 37-56 during pacing P---0 23) 

The results indicate that catheter-based transendocardial 
injection of ABM can augment collateral perfusion and 
myocardial function in ischemic myocardium. Imdinus sug- 
gesting that this approach may constitute a novel therapeutic 
strategy tor achieving optimal therapeutic angingenesis 

Fourteen specific -pathogen- free domestic pigs weighing 
approximately 70 kg were anesthetized, intubated -md 
received supplemental 0 2 at 2 L/min as well as I -2% 
isoflurene inhalation throughout the procedure Aneriiil 
access was obtained via right femoral artery isolation and 
insertion of an 8 French sheath. The left circumflex artery 
was isolated through a left lateral thoracotomy and a metal 
encased ameroid constrictor was implanted" at the very 
proximal part of the artery. Four weeks after the ameroid 
constrictor implantation all pigs underwent (1) a selective 
left and right coronary angiography for verification of 
ameroid occlusion and assessment of collateral How; (2) 
transthoracic echocardiography studies; and (3) regional 
myocardial blood flow assessment. 

Bone Marrow Aspiration and Preparation and Intra myo- 
cardial Injection 

Immediately after completion of the baseline assessment, 
all animals underwent BM aspiration from the left femoral 
shaft using standard techniques. BM was aspirated from 2 
sites (3 ml per site) using preservative free heparinized glass 
syringes (20 unit heparin/1 ml fresh BM). The aspirated 
bone marrow was immediately macro-filtered using 300% 
and 200u stainless steel filters, sequentially. Then, the bone 
marrow was injected using a trans-endocardial injection 
catheter into the myocardium in 1 2 sites (0.2 ml per injection 
site for total of 2.4, ml) directed to the ischemic myocardial 
territory and its borderline region. 

Echocardiography Study 

Transthoracic echocardiography images of short and long 
axis views at the mid-papillary muscle level were recorded 
in animals at baseline and during pacing, at baseline and 
during follow-up evaluation at four weeks after ABM 
implantation. Fractional shortening measurements were 
obtained by measuring the % wail thickening (end-systolic 
thickness minus end-diastolic thickness/end-diastolic thick- 
ness) x 100. Those measurements were taken from the 
ischemic territory (lateral area) and remote territory (ante- 
rior-septal area). Subsequently, a temporary pacemaker elec- 
trode was inserted via a right femoral venous sheath and 
positioned in the right atrium. Animals were paced at 
180/minute for 2 minutes and echocarcliographic images 
were simultaneously recorded. 

Regional Myocardial Blood Flow 

Regional myocardial blood How measurements were per- 
formed at rest and during maximal coronary vasodilation by 
use of multiple fluorescent colored microspheres (Interac- 
tive Medical Technologies, West Los Angels, Calif.) and 
quantified by the reference sample technique (Heymann 
Mass., et al., Prog Cardiovasc Dis 1977;20:55-79)." Fluo- 
rescent microspheres (0.8 ml f 5x10* micwspheros/ml, 15 
urn diameter in a saline suspension with 0.01% Tween SO) 
were injected into the left atrium via a 6F Judkins left 3.5 
diagnostic catheter. Maximal coronary vasodilation was 
induced by infusing adenosine at a consent rate of 140 
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ug/kg/.n,n (Fujisawa USA, Deerfield, III.) into the left 
lemoral v e , n over a period of 6 minutes. D ,r mg the Tast 2 
■~ «<"e mfusion, microsphere injection^ Sood 

Following completion of the perfusion assessment ani 

S^KH "Sfr" a '\ OVerdOSe ° f ^i^Tenlo £ 
i I"" C j- Me T Were harv «ted, flushed wirt, Ringer 
L...CI.I c perhit.on.hxed for 10-15 minutes, and sX 
quern ly munersion-nxed with 10% buffered f om 'idehyde 
lor 3 day*. After fixation was completed, the hearts were cm 
» «"8 H« short axis into 7-nun thick slices. The 2 cent " 
sl-ccs were each divided into 8 similar sized wedges which 

m 2- n Cl " il,,0 ( . e " docar dia ' epicardi^sl eg 
mcm.v I he average of 8 lateral ischemic zone and 8 septal 
'«°n,»l zone sub-segments measurements were used fo 
.ssessmen, of endocardial and epicardial regional myoct 
thai Wood flow The relative collateral flow was alto com- 

nSm H, e Th °" he ischemic M °» ischemic ^ 

(l/C/NI/,) blood flow. 

Hislo pathology 

To assess whether injecting BM aspirate via the use of an 
injection catheter was associated with mechanical eel] dam- 
age, standard BM smears were prepared before and after 
rropellmg the freshly filtered ABM aspirate through the 
needle us.ng similar injecting pressure as in the in-viv 0 
study. Morphological assessment was performed by an inde- 
pendent experienced technician who was blinded to the 
study protocol. 

Hisiopathology assessment was performed on sampled 
hear, nssue. In the pilot study, 7-mni thick short-axis slices 
were examined under UV light to identify fluorescent", 
ingged areas, bach identified area was cut into 3 full 
thickness adjacent blocks (central, right and left) that were 
immersion-lixed in 10% buffered formaldehyde Subse- 
quently, each such block was cut into 3 levels, of which 2 
were stamed with Hematoxylin and Eosin (H&E) and one 
with 1 AS, In addition, one fresh fluorescent-labeled tissue 
block was obtmned from the ischemic region of each animal 
and was embedded in OCT compound (Sakura Finetek USA 
Inc.. lorance, Calif.) and frozen in liquid nitrogen. Frozen 
sections of these snap-frozen myocardial tissue were air 
dried and fixed with aceion. Jmmunoperoxidase stain was 
per formed with the automated Dako iminuniio Stainer 
(Dako. Carpenteria, Calif.). The intrinsic peroxidase and 
non-specific uptake were blocked with 0.3% hydrogen per- 
oxidase and IO°/oovo-albumin. Monoclonal mouse antibody 
agsimst CD-34 (Baton Dickinson, San Jose, Calif) was 
used as the primary antibody. The linking antibody was a 
biot.nylated goat anti-mouse IgG antibody and the tertiary 
antibody was strepavidin conjugated with horse reddish 
peroxidase. Diaminobenzidine (DAB) was used as the chro- 
mogen and the sections were counterstained with 1% meth- 
ylgreen. After dehydration and clearing, the slides were 
mounted and examined with a Nikon Labphot microscop 

In the efficacy study, full-thickness, 1 .5 square centimeter 
sections from the ischemic and non-ischemic regions were 
processed for paraffin sections. Each of the samples was 
stained with H&E, Masson's frichrome, and factor VIII 
related antigen. The inummoperoxidase stained slides were 
studied for density of endothelial cell population and vas- 
cularization. The latter was distinguished from the former by 
the presence of a lumen. Vascularity was assessed using 5 
photomicrographs samples of the factor VIII stained slides 
taken from the inner half of the ischemic and non-ischemic 
myocardium. Density of endothelial cells was assessed 
using digitized images of the same photomicrographs. The 
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myocardium studied). The ,o,a I »Z X? 1 ™"*™ 0 * " ,c 
Procedural Data 

Intra-myocardial injections either with ADM or nl-.tvl,,, 

pressure, hcirl rate or induction of arrhythmia Ml he„ u , 
dynamic parameters were comparable h, :1 w eei , , I , 
groups. Pa.r-w.se comparison showed simil:,,- hen odvn , mc 
parameters within each group in the index 
follow-up procedure except for higher ,ni, a , m ean a 1c 
blood pressure at follow-up in the control group p"o 
w^n^ subsequent differences during pacing or'aLoT 

Myocardial Function 

T,blefh'i , r Cardial ' lmC,i0n " shown in 

lablel below. Pre-mtervention relative fractional wall , h ick- 

n7/M,7T Pr f SSe fj S i,Chemic ™" c 10 ™".i $ chemic 
(IZ/N1Z) ra.,oxl00, a, res. and during pacinu. was similar 
between groups (P-0.86 and 0.96, respective.;.). At 4 vS 
rollowmgthe intra-myocardinl injection of ABM. improved 
regional wall th.ckening occurred at res. and during racing 
which was due to an -50% increase in wall thickening of tit' 
collateral-dependent ischemic lateral wall. No significant 
changes were observed in the control animal,, although a 
trend towards improvement in wall thickening was noted in 
the ischemic area during pacing at follow-up. 

TABLE I 



Regional Cnnlmi-iiliry . ,f Lhe Isd,,.,,.;,, W ,m 



Baseline 



Follow-up 



Rest 

ABM (•/«) 
Control (%) 
Pacing 

ABM (%) 
Control (%) 



60 r 32 


83 




0.O4 


64 * Ad 


69 


* 48 


0.74 


36 * 43 


91 


* 44 


0.05 


.17 * 56 


65 


± 56 


».23 



ABM indicates autologous bone iimjtuw. 
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Myocardial Perfusion Data 

Regional myocardial perfusion assessment is shown in 
Table II below. There were no differences between the 
treated and control groups in the pre-imervemion relative 
transmural myocardial perfusion, IZ/NIZ. at rest and durinp 
adenosine infusion (P-0.42 and 0.96, respectively) At 4 
60 weeks following ABM injection, relative regional transmu- 
ral myocardial perfusion at rest and during pacing improved 
significantly. This was due to an absolute impmvomeiu in 
myocardial perfusion in the ischemic zone both at rest (;m 
increase of 57%, P=0.08) and during adenosine infusion 
(37%, P-0.09), while no significant changes were noted in 
absolute flow to the non-ischemic zone cither at rest fin- 
crease of 35%, P-0.I8) or during adenosine infusion (in- 
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crease 0125%, P^O.26). The increase in regional myocardial „ 14 

blood How found in the ischemic zones consisted of both Hxample 5 

endocardial (73%) and epicardial (62%) regional improve- The Effec. „f A,„ , 

mem a. res,, with somewhat lesser improvemen Tril in vivo bv P * IT"* B ° ,,e Mamw Siinu.li.ied 

adenosine inlt.sion (40% in both zones) At 4 weeks, the * ^nS M ocief o f ' M yoc Trd i n \ k - h ' ^ ' 

control group showed no differences in transmural, endocar- Mjocnrd.al ls,he m ,a 

7" ° r ep ' Ci,rd,al > ,erfb$i0 » in «« "chemic and non-is- „ C ! lro " ic myocardial ischemia wus created i„ 16 „:., hv 
chcn,, /ones compared to pre-interven.ion values. ,hc ""plantation of nmeroid constrictors am nuJ f , I 

.0 aTeTd T" ^ M four »'»• dav a S 

. . , — _ injection ol GM-CSF for 3 consecutive days (dose 1 0 uo/t., 

Region,, Myelin Per f u5ln „ Per day) followed (on the fourth day and exnct' v 4 w -i* 

after ameroid implantation) by iransendocaruial injects 

'* :cl ' nc FO.IOWUP P "J "«Wy asp.rated ABM into the ischemic zone" s H 

— - is ^endocardial injection catheter (2.4 ml per ■ , » M 



adm „ , n „« ,„ «imulal.on were mjeced with heparinized saline. A, lx,s t - 

, . - 1* * , * m l Z *V WCekS ' mer - animnls ""derwen. res, and pa i, u 

A, tc „n S i„c 92 * a ' 0A1 „ "hocarirogram to assess regional contractility (tt, % 



, n W1 . , ~ ~ "-i^iurjcii coniracnniy (% myocar- 

20 dial th.cken.ng), and microsphere study ,„ asses' collLn - 

adm.H) 78 .. 2 89 il8 00 , 5 Jr^V^' 0 " reS ' B ' ,d dl,rin * ^nosine infusion. 

Ccno,,,,) „ rJ J °f s f 3 r "}. |ecllon ot ABM collateral llow (ex- 

0 75 P r6 A ^/ . T° 01 " Chem ic ' mM 1 00) improved 

AI1M !,„«„,« au.oloRous bone ,m,™, A ° M ; treate « P'gs but not in controls (ABM: 85*1 I vs 

1-0 Or rTI' ^ c°, 26 , : « 83± 18 vs64 *' 9 ^ring adenosine. 
Histopathology and Vascularity Assessment J? 6 ,' C . 0ntro ' 8: 93± 1 0 V!i «< rest. P-0.3 1 : 73*17 vs 

A—, of BM smea, Before and after passing the ^Za^^I VS^ST® 

1-l.ra.cd asp,rn,e through the injecting catheter revealed «»*33 ^ « £ 27 a. res,, P I<)W 84-16 vs s 'Vd ^ 

normal sirucure, absence of macro-aggregates and no evi- - ,0 P acin 8. P-0.014, Controls: 72*45 vs 66-41 at res," !>=() 7t 

deuce of cell fragments or distorted cell shapes. Histopa- 70±36 vs 43±55 dllri »g pacing, P=0.18). 

thology a, day 1 following injections revealed acute lesions • - Th * reSl,,ls indica,e lha ' catheter-based iransendocardial 

characterized by fibrin and inflammatory tract with dis '"■l ectl0n of A BM pre-stinmlated in vivo by GM-CSI- 

persed cellular infiltration. The infiltrate was characterized „ ^^^^"emicolly for 3 days, can augment collateral 

by mononuclear cells that morphologically coulTno, be fi n r * W"**^ lunclio " ; " i^hen.ic myocardium. 

weeks, more fibrosis was seen in the 0.5 ml injection-sites 

compared to the 0.2 ml. CD-34 imjmmosta lining, designed 40 Example 6 
lo idemiiy BM-derived progenitor cells, was performed in 

sections demonstrating the maximal cellular infiltrate. Over- Treatment of a Human Patient 

all. it was estimated that 4-6% of the cellular infiltrate / c .x 

showed positive inuiuinoreactivitv to CD-^A marrow (~5 ml) will be aspirated from the iliac crest 

ru • i • . " ' 45 ata PP r oximately 60 minutes prior to initiation of the nrrii-„. 

e -schenuc ten-nory ,n both groups was characterized procedure using preservative "free hcpariS J w u 

by small areas of patchy necroses occupying overall <10% of (20 unit heparin/1 ml fresh BM). The aspirated bone nnrmw 

the examined ischemic myocardium. The non-ischemic area wil1 he immediately macro-filtcred using MX),i and 200n 

revealed normal myocardial structure. Changes in the his- stainless steel filters, sequentially. An experienced hema- 

tomorphometric characteristics of the two groups were com- 50 tolo & ist wi!l Perform the procedure under sierite conditions, 

pared. There were no differences in the total area occupied The bon ? marrow smear wil1 be evaluarcd to confirm a 

by any blood vessel as well as the number of blood vessels n ° rmal hlstonior P hoio gy of »he bone marrow preparation. 

lermones revealed differences between the 2 groups. In the transthoracic insertion of a needle or other delivery device 

ABM group, the total endothelial cell area in the ischemic or via thoracoscopy), or by any of several percutaneous 

colUueral-dependent zone was 100% higher than that procedures. Following is one example of percutaneous 

observed in the non-ischemic territory (11.62:5.0 vs. 60 delivet 7- it should be emphasized that the following example 

5.7-2.3% area, P=0.0I6), whereas there was no significant 1S not meam t0 !imit ,he °P ,ioil s of delivery to th^e specific 

di (Terence in the control group (12.3+5 5 vs 8 2±3 1% are-i catheter-based platform system described in the example-- 

P=0.1I). However, other parameters of vascularity, includ- Catlleter " b f se f P lalfo ^ can be used, 

ing % area occupied by any blood vessel and number of 6S ^"LT, ■ , P ™ Cdu ™ / br # . P^««ancous coronary 

hlood vessels >50 ^un were similar in the ischemic <md W 

i u biiinuir in int uscntmic and (h e right or left femoral artery. Followim; insertion of the 

nonnscheme terntones ,n both groups. arlcrial sheath, heparin is administered an^suppleme.ued as 
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needed to maintain an ACT for ?nn « j . 

■he lv ^ and ^i^s 

procedure. ACT will be checked during the procure a 
intervals ol no longer Ihan 30 minu.es, at well ^He end 
of he procedure ,o verify conformity with this reqt i emem 
Lett ventriculography is performed jn stand q ard ~ 

ul U V' eWS '° assisl wilh guidance of NOGA 
S AR™ and ,n,ect,on catheters, and an LV electromechani 

£ K? SS^T g "r NOGA -STAR- caS The 
M INJLCT ON-STAR catheter is placed in a retrograde 
ashion v,a dlc , , shea , h , o (he aort . c grade 

up deflection (he rounded distal tip is gently prolan "d 

s and s,raiB,,te " ed -i»p^ s 

The catheter (incorporating an electromagnetic tip sensor) 
s onen.cd to one of the treatment zones (e.g. H 
lateral, interior-posterior or other). Utilizing the safety fe , 
ni« o. the NOGATM syslem , need)e hlserti |, '^^^ 

Ts X of y 7 A e,1S,a I bili ^ Si8na,S Wi " de ~te a" 
Lb value of <3. A single injection of 0.2 cc of freshlv 
nspirated ABM will be delivered via trans-endocarS 
approach to .he confines of up , 0 two treatment zones with 
no closer than 5 nun between each injection site. The density 
o injection sites will depend upon the individual subject's 
I..V endomyocardial anatomy and the ability to achieve a 
stable position on the endocardial surface without catheter 
displacement or premature ventricular contractions (PVCs) 
Ilia, freshly aspirated autologous bone marrow trans-' 
planted into ischemic myocardium is associated wiih 
improved collateral flow without adverse effects may be of 
clinical importance for several reasons. The methodology 
reflected above took advantage of the natural capability of 
the hone marrow to induce a localized angiogenic response 
ni an eflecnve and apparently safe manner. Such an nnoio- 
gemc strategy would probably be less costly than many j< 
others currently being tested. It would also avoid potential 
loxicty-related issues that are remote but definite possibili- 
ties w.th various gene-based approaches using viral vectors 
"ivemion is based on the concept that autoloaous 

'tilt* m;irrnu/ U« i ^ . ° 
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hone marrow may be an optimal source foTcellXf <o S^ 01 "^ 0 ^ bone ma ^ w '« ««« facior* in the ?« 
example would be endothelial progenitor cells bin Se vl T"!^ ^ " m cells canhetranslcc.edu 



example would be endothelial progenitor cells but the 
invention is not limited to such cells as many other cells in 
Hie bone marrow may contribute importantly to the angio- 
genic eflect) and secreted, e.g., angiogenic growth factors 
elements necessary to promote new blood vessel growth and 
restore function when transferred to another tissue, such as 
ischemic heart or peripheral limbs. A patient's own bone 
marrow can be used as the key therapeutic source to induce 
therapeutic angiogensis and/or myogensis in ischemic tis- 
sues, e.g.. heart muscle and/or ischemic limb, with compro- 
mised blood perfusion due to arterial obstructions The 
patient's own bone marrow is aspirated, i.e., autologous 
bone marrow donation, processed, and injected directly into 
ischemia and/or adjacent non-ischemic tissue, e.g., heart 
muscle and/or ischemic limb, to promote blood 'vessel 
growth. 

The autologous bone marrow and/or bone marrow prod- 
ucts are injected into the heart muscle, e.g., the myocardium, 
by use of either a catheter-based trans-endocardial injection 



no, .imited to,"! ' \™%^T ™™ n *- 
condition being treated the "j, 7- , " ' - SCVCnly " r : * 
treated, etc. £i,h ^ toi™^"^™ « * 
invention, a representative pro.oco w, lc t ' '"^ " , . '" C 
quantities of from about 0.2 to about 0 5 ' w ' " dn, 1 ,,,,s " :r 
bone marrow in each of from about 2 ,„ , °' '1 ,,I . 0,0 * HU!1 
for a total of from abou, 2.4 toab, I (, ^ 2 ? 
marrow being administered P-,c / "'""logons hone 

preferably comprise i^^^^T^ Tf 
volume of heparin or another m,„,,i percent hy 

Coumadin. When the " u oj , " ,, " coa * ul <=»«. :.s 
cultured or stimulated M^Z^™"™ «"»' 
bination with other plwmaceuti c, I or *e ke m !" 
of autologous bone marrow present shou , ^ d"? 
the same in each dose and/or the total of the -m, T • 

autologous bone marrow administered in ^„.i, , 
should be on the order of from ^0"^^"' 
Opt.mizat.on of angiogenic gene expression requires the 
co-adm„u S ,ra,ion of various angiogenic stimulants' wi , the 

oZ;,' s bo o, r inimow - ' nn,s - nccordin * w 

auto ogous bone marrow transplantation is injected either as 
a stand alone" ,herapeu,ic agent or combined with 
pharmacologic dmg, protein or gene or any other compound 
or intervention that may enhance bone marrow product 0 0 

l 8 E ! o 8rOW,h faC, ° rS a,,d/ ° r P""™ e ^o'holia. I 
P olile.at.on, migration, and blood vessel tube formation 

, e „«v m r ;,gen,(S) Ca " bB ad »»«i«ered directly inlo 

the panent or target tissue, or incubated ex-vivo with bono 
marrow prior to injection of hone marrow into the patien, 
Examples of these "combined" agents (although no. limned 
o lhese agents) are Gramilocy.e-Monocy.e Colony Slim,- 
te ory Factor (OM-CSF). Monocyte Chenioattrac. an, !>,„. 

( ^ CP 11 ^ PAS1 - or "ypoxi- I««i"cible Pac.oM 
(HI1-1). 1 he stimulation of the bone marrow could be by the 
direc, exposureoflhe bone marrow ,0 the factors in the form 



trans-epicardial thoracotomy approach. Those two delivery 
strategies can be used to acliieve the same therapeutic goal 
by promoting the incorporation and integration of angio- 
genic bone marrow elements in the target organ tissue, e.g., 
heart muscle and/or ischemic limb. 

According to the invention, effective amounts of autolo- 
gous bone marrow are administered for treatment. As would 



wi,., ^v- IKIIKMUtlUCJ Will) 

vectors carrying the relevant gc „ es . For example, hone 
marrow can be transfected with a plasmid vector, or with an 
adenoviral vector, carrying the HIF-I or EF'ASl transgenes 
An example of an intervention that may enhance bone 
45 production ot angiogenic factors is ex-vivo exposure ol hone 
marrow cells to hypoxia. This intervention can be used alone 
with bone marrow, or in combination with any of the factor, 
outlined above. These optimization strategies are designed 
to increase the production of vascular endothelial R rowih 
50 factor (VEGF) expression and/or other cytokines with 
angiogene activity prior to the direct injection of the hone 
marrow mto the heart or any peripheral ischemic tissue In 
a broad sense, the invention comprises intramvocarclial 
injection of autologous bone marrow with anv anent thai 
would become available to cause stimulation of bone mar- 
row and/or ex-vivo or in vivo stimulation of anv angiogenic 
growth factor production by the bone marrow or its stromal 
microenvironment. 

Delivery to patients will vary, dependent upon the clinical 
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ipproach or a surgical (open ches, or via tho.cosco ; ,0 IT^^ 

ran S -ep,cardial thoracotomy approach. Those two delivelv arte J ^ ' °! „! " !" L P Ji': J'-' W rel " ,cl ^ ^ronaiy 
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artery disease or ischemic peripheral vasculopathy who will 
be candidates for a bone marrow aspiration procedure fol- 
lowed by autologous bone marrow myocardial or limb 
transplantation directed into the ischemic tissue or its hor- 
dehne zone and/or normal tissue that may serve as the source 
tor collateral or cellular supply to the diseased tissue for the 
purposes of therapeutic angiogensis and/or mvogensis Tor 
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, hone narrow aspiratio^e l^'Z XSZ *" 
hone niiirrow myocardial or limh ■ . y . al " olo g°»s 
i"'o .he ischemic iss^e o Z b„ r l r!mS P ,!,n,a »°« directed 

M.nclard nnn-con^ln.ion/na.i-aggregation solution Tco 
in.nmg sodium c.rn.e and EDTA) and kepi in 4° C j s eri l e 
medium until the time of its use. 

Upon its llS c. the bone marrow will be filtered to nv^H 
^--ining blood Co,, or macroaggTeX ^ 

ma,TOW i wil11 ° r w i"><*» « stimulatory agent in 
any of ... delivery lorn,., or with or without having bee 
transacted w„h a vector carrying a transgene ,ha, 
degned .o enhance the angiogenesi. effect of the bone 
".arrow. w,|| be injected into the hear, muscle i e in 

■ hcrapeufc myocardial angiogenesi. or therapeutic myco- 
sis, using e.ther any catheter-based trarts-endocardial I injec- 
jon dev.ee or v.a a surgical (open chest) tran.-ep cE 
hoiacoionty approach, or any other approach ,ha, allow fo 

■ . nsep.card.a del, very. Jn the case of treatment of limb 
.schema the bone marrow will be transferred by a d ec. 
■njecnon ol the bone marrow or it elements, with or without 
ex-v,vo or ,n vivo stimulation in any of its delivery form" „ 
into the muscles of the leg. ' 

The volume of injection per treatment site will probably 
range berween 0.1-5.0 cc per injection site, dependent upon 
int spec.nc bone marrow product and severity of the 

injection sues per treatment session n Tlio ,) a r 



dially or rrans-endocardially '"J"-'"' n-ms-epic;,,-. 

domain I (EPASl)and hypoxia inducible factor I (|-||r ) 

S. The mated Id claim I. wherein ,]» u,,,,,,,,,,,,, ,„,„ 

9. The method of claim 6. wherein the muoloamn hone 
marrow asp.ra.e has been stimulated ex vivo i, «, i.rc hv 
transient exposure to hypoxia. v 

m ™ hC me " ,0d ° fclaim wherei » 'heauiolomn,. hone 
arrow aspirate , s ndminisicred in combination with one r 
ore agen, selected front a pharmacological drug or P ,,Me , 
J" «nh«nce. bone marrow production 01'anu.ioJnic gov 
factor, selected to promote endothelial cell proliferation 
migration, or blood vessel formation. °"' 
11. The method of claim 10, wherein the aiiiolo*«.s bone 
mar™ asp.ra.e and the agen, or agents f ,re adm'inisieS 
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-.- r ..... ... „.„ 7 ut cl!1Floyca wnnout departing from 

■he sp.m ol the invention or the scope of the appended 
claims. 
We claim: 

1. A method of enhancing collateral blood vessel forma- 50 
non m a subject comprising directly administering to sites in 
heart or hmb tissue an effective amount of autologous bone 
marrow asp.rate to induce collateral biood vessel formation 

in ihc tissue. 

2. The meihod of claim 1, wherein the autologous bone 55 
marrow aspirate is injected. 



- : — " ~" ■-■"."■".I mi rrto c 
and hypoxia inducible factor ] (HIF-i). 

14. The method of claim I. wherein the auiolououx bone 
marrow aspirate is administered to ischemic .issue 

then;,Iln! lle,h K d 0, ' Claim ' 2 " '"'""comprising culniring 
the autologous bone marrow aspirate ,o form conditioned 
medium containing bone marrow cells and e ndogcnously 
secreted angiogenic cytokines and injecting ,|, e composition 
into ischemic heart tissue. 
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Endothelial Progenitor Cells: More Than an 
Inflammatory Response? 

Ton J. Rabelink, Hetty C. de Boer, Eelco J.P. de Koning, Anton- Jan van Zoruieveld 

Abstract — The formation of new capillaries (angiogenesis) may be of clinical importance in facilitating reperfusion and 
regeneration of hibernating cardiac tissue after myocardial infarction and in microvascular ischemia. Evidence is 
accumulating that as part of the response to hypoxia, bone marrow- derived circulating endothelial progenitor cells 
(CEPs) are mobilized and subsequently differentiate into proper endothelial cells. There are also indications that such 
CEPs can facilitate endothelial repair and angiogenesis in vivo. It is not clear yet, however, whether these CEPs are 
essential for these adaptive processes or what the relative contribution of CEP is compared with that of other 
mononuclear inflammatory cells that are mobilized to areas of ischemia. Moreover, there are still many uncertainties 
about how cardiovascular risk factors alter CEP function. Particularly when therapeutically mobilizing CEPs, a further 
understanding of this issue is essential to assess the risk of potentially harmful side effects of altered CEP function. 
(Arterioscler Thromb Vase BioL 2004;24:834-838.) 

Key Words: angiogenesis ■ atherosclerosis ■ endothelial progenitor 



Over the past 7 years, the discovery of the phenomenon 
that mononuclear cells in peripheral blood have the 
potential to differentiate into endothelial cells ex vivo as well 
as in vivo has opened up a new field of cardiovascular 
research. 1,2 It thus appears that such endothelial progenitor 
cells (EPCs) can be used therapeutically to restore damaged 
endothelium. 3 - 4 They can also incorporate into the endothelial 
monolayer and stimulate proliferation of neighboring endo- 
thelial cells, thus inducing the formation of new blood 
vessels. 5 - 6 Although the biology is not really understood, 
several pilot studies have suggested beneficial effects of 
infusion of mononuclear cells after myocardial infarction in 
animal models 7-10 and in humans. 11 The aim of the current 
review is to discuss some of the potential regulatory mecha- 
nisms involved in this phenomenon. In particular, we address 
the question of whether these progenitor cells are a specific 
subpopulation with stem cell properties or whether these cells 
merely reflect plasticity of the normal inflammatory response 
that occurs in occlusive vascular disease. Ultimately, under- 
standing this biology will be a critical success factor for 
bringing progenitor cell therapy into the clinical arena. 

Vascular Occlusion Leads to Inflammation 

In the adult, vessels grow either via capillary sprouting 
(angiogenesis) or via remodeling of pre-existing arteriolar 
connections into collateral vessels (arteriogenesis). 12 * 13 Both 
processes occur on occlusion of a vessel, thus improving 
blood delivery and local perfusion of ischemic tissue. The 
regulation of the cellular processes involved in arteriogenesis 



has recently been reviewed in this journal. 13 In this review, 
we focus on the contribution of bone marrow-derived pro- 
genitor cells in the (microcirculatory) angiogenic response to 
ischemia, a process referred to as (postnatal) vasculogenesis. 
The endothelial cell is key in initiating vasculogenesis. First, 
on vascular occlusion, endothelial cells will sense altered 
shear stress. Recent studies have shown that at low shear 
stress or oscillatory shear stress, endothelial cells typically 
will increase the expression of pro-oxidant enzymes, such as 
NADH oxidase, 14 and reduce the expression of anti-oxidant 
enzymes such as manganese superoxide dismutase, 15 thiore- 
doxin reductase, and glutathione reductase. 16 As a result, 
altered shear stress during vascular occlusion will result 
locally in increased redox signaling. 17 One of the activated 
transcription factors is NF-kB, which plays a central role in 
the inflammatory response. 18 NF-kB activation in the endo- 
thelium results in the expression of adhesion molecules and 
the release of chemotactic factors for inflammatory cells. 19 In 
agreement, in situ nuclear translocation of NF-kB has been 
found in the vessel wall near regions of disturbed blood flow, 
like bifurcations, curvatures, and branching points. 20 The 
second parameter that endothelial cells sense during vascular 
occlusion is hypoxia. Basically, the endothelial cell is 
equipped with 2 systems to sense such hypoxia. One is the 
transcription factor HIF-la. 21 Under normoxic conditions, 
this transcription factor will be hydroxy lated on a conserved 
prolyl residue in a reaction with molecular oxygen. The 
hydroxy lated prolyl group allows the Von Hippel-Lindau 
protein to bind and polyubiquinate the molecule, thereby 
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Figure 1. In atherosclerotic vascular disease, the endothelial 
cells will be exposed to hypoxia and altered shear stress. Both 
mechanisms induce redox signaling in the endothelial cell, with 
subsequent release of chemokines and surface expression of 
leukocyte adhesion molecules. The CD34 + hematopoietic stem 
cell is equipped with several receptors, which allow for chemo- 
taxis, and with ligands for adhesion. Local cues such as the 
concentration of VEGF and basic FGF probably determine dif- 
ferentiation into endothelial-like cells. 

earmarking HIF-la for destruction by the proteasome. How- 
ever, in hypoxia, this hydroxyprolination is reduced, allowing 
HIF-la to accumulate and translocate to the nucleus to 
activate transcription of genes such as VEGF, EPO, and 
inducible NOS. The other oxygen-sensing mechanism in the 
endothelial cell is located in the mitochondria where, under 
normoxic conditions, oxidative phosphorylation occurs. 22 
This reaction is constitutively inhibited by nitric oxide that is 
also produced in the mitochondria. When hypoxia occurs, 
nitric oxide starts to dominate and reduces electron transport 
toward its final acceptor, complex IV. 23 As a result, interme- 
diate radical products such as hydrogen peroxide and reactive 
nitrogen species are produced by the mitochondria, again 
leading to redox signaling and subsequent activation of the 
endothelial cell. Taken together, altered shear stress and 
hypoxia will result in redox-mediated endothelial cell activa- 
tion and release of chemokines, cytokines, and growth fac- 
tors. Thus, occlusive vascular disease inevitably results in a 
local inflammatory response of the endothelium (Figure 1). 

Endothelial Progenitor Cells: Part of the 
Inflammatory Response? 

For some time, it has been suggested that as a consequence of 
such an inflammatory response, the ensuing recruitment of 
monocytes are instrumental not only in inducing collateral 
formation but also in promoting angiogenesis. 13 - 24 It is be- 
lieved that paracrine release of cytokines and growth factors 
with known angiogenic properties, such as bFGF and TNFa, 
mediate these effects of monocytes on capillary sprouting. 25 
More recently, attention has also been drawn to other 
vasculogenic cell populations present in the mononuclear 
fraction of peripheral blood that may also be recruited to the 
activated endothelium in response to an ischemic insult. 
These are referred to as pluripotent stem cell or progenitor 
cell populations and include the CD34* hematopoietic stem 
cells and subpopulations of CD34" mononuclear cells, and 
even subpopulations of the peripheral blood monocytes. 
Isolation of each of these subpopulations and subsequent 



culture in vitro could give rise not only to classical circulating 
blood cells such as monocytes/macrophages but also to 
unexpected phenotypes such as endothelial cells and myo- 
cytes. 1(26-28 Hence, the concept has evolved that vascular 
progenitors are recruited from the bone marrow to sites of 
tissue revascularization, where they participate in a paracrine 
way and also directly by differentiating into mature endothe- 
lial cells. In particular, the CD34 + hematopoietic stem cell 
has raised a lot of attention in this respect because of the 
similarities with the embryonic hemangiobiast, which gives 
rise not only to circulating blood cell lineages but also to 
vascular cells. 29 Hematopoietic stem cells appear to be 
essential for angiogenesis in the mouse embryo 30 and, when 
durably engrafted in adult mice, were shown to have func- 
tional hemangiobiast activity and develop into endothelial 
cells that participate in the neovasculature that evolved after 
retinal ischemia. 3 ' 

Although bone marrow transplantation experiments have 
shown unequivocally that bone marrow-derived cells can also 
differentiate into vascular cells in situ, the frequency of this 
phenomenon and the identification of the cell type involved 
are still matter of debate 32 Only recently have some specific 
surface markers for "true" EPCs emerged from detailed 
studies characterizing mammalian embryogenesis and angio- 
genesis. Flk-l/KDR is a receptor for vascular endothelial cell 
growth factor (VEGFR-2), which appears to be critical for 
embryonic endothelial cell differentiation and vasculogen- 
esis. 33 Also, it was reported that Flk-1 -positive cells, derived 
from differentiated embryonic stem cells, can give rise to 
endothelial cells and vascular smooth muscle cells in vitro 
and in vivo. 34 

Together with the essential role of Flk-1 in hematopoie- 
sis, 35 these observations are consistent with the existence of a 
Flk-1 -positive hemangiobiast that serves as a common origin 
of endothelial cells and blood cells. 36 AC 133 is a second early 
hematopoietic stem cell marker that is downregulated on 
differentiation and is therefore a marker for early EPCs. 
Indeed, AC133-positive cells from human peripheral blood 
were shown to differentiate into endothelial cells in vitro. 37 
Using these stem cell markers, it has become clear that only 
a very small subset of circulating mononuclear cells in 
peripheral human blood stains (0.002%) positively for CD34, 
AC 133, and Flk-1 simultaneously. 38 The most detailed phe- 
notypic description of the circulating EPC (CEP) proposes 
the co-expression of several common endothelial and hema- 
topoietic antigens: CD34 + , FGFR + , CD38*, VE-cadherin*, 
c-kit + , CD31\ Flt-1, AC133 + ; in addition, it represents even 
a subfraction of these. 39 

Are these CEP part of the inflammatory response on 
vascular occlusion and, if so, does contribution of these cells 
matter in view of the reported effects of the abundantly 
present monocytes on these processes? To play such a role, 
CEP should have the capacity to home exclusively on sites of 
angiogenesis. They should be able to attach to activated 
endothelium or extracellular matrix, to (trans)difTerentiate 
into an endothelial phenotype, and be able to proliferate. We 
recently demonstrated that CD34 + hematopoietic stem cells 
specifically home and migrate to angiogenic endothelium 
(unpublished observation). Although CD34 + cells probably 
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do not adhere to normal endothelium, they can attach to 
activated endothelium. Platelets may play an important mod- 
ulating role in this attachment. Platelets can adhere to 
inflamed endothelial ceils or to exposed extracellular matrix, 
where they express P-selectin and thus can provide an 
adhesive surface for CEP; 40 however, CD34 + cells express 
the binding determinant for P-selectin (PSGL-1). 41 In partic- 
ular, the issue whether endothelial progenitor cells can 
proliferate after homing and (trans)differentiation may be 
important in appreciating the in vivo relevance of these CEP 
as sources of paracrine factors and as sources for endothelial 
cells versus the effects that other inflammatory cells have on 
resident endothelium. Bone marrow transplantation experi- 
ments show low to very low percentages of in situ differen- 
tiation of bone marrow-derived cells into endothelial cells, 
making the role for CEPs as a major source of endothelial 
cells in the short-term perspective of these experiments less 
likely. However, in acute ischemic events such as myocardial 
infarction, the number of circulating CD34 + cells was in- 
creased and a direct correlation with plasma levels of VEGF 
was shown. 42 Furthermore, in patients experiencing an acute 
vascular insult secondary to burns or coronary bypass graft- 
ing, a rapid increase (50 X) in the number of CEP was noted 
within 6 to 12 hours after injury, which coincided with an 
elevation in VEGF level. 43 Clearly, increased numbers of 
circulating CD34 + cells, in combination with efficient hom- 
ing and ultimately (trans)differentiation and proliferation at 
the site of vascular injury, may increase the contribution of 
these progenitor cells relative to other inflammatory cells. 
This phenomenon can be used therapeutically by artificially 
increasing the number of circulating progenitor cells in 
conditions such as ischemia. VEGF, basic fibroblast growth 
factor, angiopoietin-1, placental growth factor, and stromal 
cell-derived growth factor- 1 have all been shown to induce 
EPC mobilization and recruitment. 2 - 44 What most of these 
factors have in common is that they stimulate the Akt/PICB 
pathway; evidence is accumulating that the Akt/PKB path- 
way plays a central role in stem cell recruitment and surviv- 
al. 45 Activation of this pathway may also explain some of the 
effect of statins on in vivo (re)endothelialization, an effect 
that appears, at least partly, dependent on incorporation of 
bone marrow- derived cells into the endothelial cell monolay- 
er. 4 - 46 Because EPCs are thought to be derived from the 
CD34 + hematopoietic stem cell, an additional method to 
increase circulating EPCs is to use stem cell mobilizing 
factors, such as stem cell factor and granulocyte-macrophage 
colony-stimulating factor. In experimental myocardial infarc- 
tion 47 - 48 and the ischemic hindlimb, 49 it was found that during 
therapy with such cytokines, circulating EPCs were mobi- 
lized into the ischemic regions and augmented neovascular- 
ization of ischemic tissue. Recently, a stimulatory effect of 
erythropoietin (Epo) has also been described on EPC recruit- 
ment and angiogenesis in the mouse model of inflammation- 
and ischemia-induced neovascularization. 50 Also, in renal 
anemia patients, recombinant Epo markedly increased the 
number of CD34 + cells in the circulation. 51 Although these 
observations are exciting, it should be noticed that the 
beneficial effects of mobilizing CEPs on ischemia were 
observed in otherwise healthy animals. In disease states or in 
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Figure 2. Endothelial progenitor cells are referred to as the en- 
dogenous CD34 + -derived cells that can incorporate in damaged 
endothelium or hypoxic tissue (upper part of the figure) as well 
as the ex vivo expanded and differentiated mononuclear cells, 
which have been shown to display endothelial-specific cell 
markers and angiogenic capacity (lower part of the figure). 

the presence of cardiovascular risk factors, mobilization of 
such cells may also promote the formation of potentially 
harmful CD34 + -derived phenotypes such as macrophages or 
fibrocytes. 52 It thus appears that cardiovascular risk factors 
may shift the balance between cells that can induce repair and 
neovascularization toward cells that contribute to a harmful 
inflammatory reaction. In addition, nitric oxide availability 
appears to be essential for mobilization of circulating EPCs 
from the bone marrow stroma. 53 Strategies that allow the 
beneficial side of inflammation such as the endogenous 
capacity to form endothelial-like cells while at the same time 
reducing differentiation of harmful cellular phenotypes by 
drugs that enhance nitric oxide bioavailability or activate the 
Akt/PKB signaling pathway (eg, statin therapy 54 - 55 ) may 
therefore prove to be even more useful than mobilizing or 
infusing progenitor cells. 

Attaching Cells: The Other EPC 

The low numbers of CD34 + CEP (100 to 500 per mL blood) are 
in sharp contrast with the relatively large numbers of attached 
cells that are obtained (^100 000 from 1 mL blood) after 
culturing the blood mononuclear cell fraction on fibronectin or 
gelatin for 4 days in the presence of endothelial growth factors 
and that, unfortunately, often also are referred to as "EPC" 
(Figure 2). These spindle-shaped attaching cells (hereafter re- 
ferred to as AT cells) exhibit endothelial characteristics such as 
the potential to take-up acetylated LDL and expression of 
endothelial markers such as ULEX and von Willebrand fac- 
tor. 1 - 42 This remarkable plasticity of cells present in the AT cell 
cultures cannot be explained by the presence of a few co- isolated 
CEPs and more likely originate from a more abundant circulat- 
ing mononuclear cell type, such as monocytes. 26 * 56 - 59 The 
concept that has developed over the years is that the number of 
these AT cells quantitatively reflect subpopulations within the 
blood mononuclear cells that have the potential to differentiate 
into an endothelial phenotype in vivo. Interestingly, the number 
of AT cells is reduced in patients with cardiovascular risk 
factors. 60 Recently, this reduction has been related to intermedi- 
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ate endpoints of cardiovascular disease, such as impaired flow- 
mediated dilation. 61 However, one has to realize that the AT cell 
cultures are an in vitro phenomenon and thus subject to meth- 
odological influences. For example, increased expression of 
matrix adhesion molecules such as the vitronectin receptor 0^)33 
in mononuclear cells (eg, by statin therapy) may yield higher 
numbers of AT cells in culture conditions in which vitronectin is 
used as an adhesive surface. 4 - 62 Thus, when certain adhesion 
receptors are altered in mononuclear cells, either disease- or 
therapy-related, then this will be noticed only when the mono- 
nuclear cells are cultured on the relevant adhesive protein(s). To 
date, te 6 different adhesive surfaces have been used in the EPC 
culture assay: FN, FN plus gelatin, gelatin, VN plus gelatin, FN 
plus collagen, and collagen type I. To what extent these different 
surfaces have led to conflicting interpretations is not clear. 
However, we feel that the concept that the number of AT cells 
quantitatively reflects the number of circulating EPCs has to be 
carefully interpreted. Nevertheless, these AT ceils appear to 
offer spectacular therapeutic opportunities. Intravenous infusion 
of these AT cells in animal models of ischemia results in homing 
of these cells to the ischemic tissue and augmentation of 
neovascularization. 5 * 9 - 63 These effects are specific, because infu- 
sion with mature endothelial cells had no such an effect. 5 Based 
on these observations, clinical studies have been initiated such as 
the TOP-CARE study, to investigate whether infusion of autol- 
ogous expanded AT cells in patients with myocardial infarction 
reduces ischemic injury. 11 

In conclusion, evidence is accumulating that, as part of the 
response to hypoxia, circulating endothelial progenitor cells 
are mobilized from the bone marrow and subsequently 
differentiate into proper endothelial cells. There are also 
indications that such CEPs can facilitate endothelial repair 
and angiogenesis in vivo. It is not clear yet, however, whether 
CEPs are essential for these adaptive processes or what the . 
relative contribution of CEP is compared with that of other 
mononuclear inflammatory cells. Moreover, there are still 
many uncertainties about how cardiovascular risk factors 
modulate CEP function. Particularly when therapeutically 
mobilizing CEPs, a further understanding of this issue is 
essential to assess the risk of transdifferentiation of CEPs to 
potentially pro-atherogenic inflammatory cells. 64 - 65 
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Summary: Bone and cartilage formation in the embryo and repair and turnover 
in the adult involve the progeny of a small number of cells called mesenchymal 
stem cells. These cells divide, and their progeny become committed to a spe- 
cific and distinctive phenotypic pathway, a lineage with discrete steps and, 
tinal y, end-stage cells involved with fabrication of a unique tissue type, e g. 
cartilage or bone. Local cuing (extrinsic factors)- and the genomic potential 
(intrinsic factors) interact at each lineage step to control the rate and charac- 
teristic phenotype of the cells in the emerging tissue. The study of these mes- 
enchymal stem cells, whether isolated from embryos or adults, provides the 
basis ior the emergence of a new therapeutic technology of self-cell repair The 
isolation, mitotic expansion, and site-directed delivery of autologous stem cells 
can govern the rapid and specific repair of skeletal tissues. Key Words: Mes- 
enchymal stem cells— Bone— Cartilage— Differentiation— Self-cell therapy- 
Skeletal tissue— Embryo— Adult. 



THE CONCEPT 

It is generally agreed that in an embryo a mesen- 
chymal stem ceil is a pluripotent progenitor cell 
which divides many times und whose progeny even- 
tually gives rise to skeletal tissues: cartilage, bone, 
tendon, ligament, marrow stroma, connective tis- 
sue (Fig. I), By definition, these stem ceils are not 
governed by or limited to a fixed number of mitotic 
divisions. Their progeny are affected by a number 
of factors* however, as they become tracked into 
very specific developmental pathways in which 
both intrinsic and extrinsic factors combine to con- 
trol the molecular and cellular pattern of expression 
that results in specific tissues that perform specific 
functions based on their molecular repertoire (9,11). 
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Indeed, the progression from stem cell to final end 
phenotype is marked by discrete stages with transit 
from one stage to the next dependent on local cuing 
from surrounding cells (paracrine regulation) as 
well as signals emitted by the cell itself and the 
reception of its own signaling (autocrine regulation) 
(10,57). The sum of these various intrinsic and ex- 
trinsic signals defines the developmental position of 
the cells, Although difficult to reconstruct on a cell 
culture dish, such "positional information" has 
been experimentally approached by studying em- 
bryonic cells in culture, cells that have the potential 
to differentiate into various phenotypes (7,9,1 1,15). 

The concept of stem cells is now well established 
(21,60). Two systems serve as models for such a 
concept: First, Caenorhabciitus eiegans is a small 
worm whose entire developmental lineage map has 
been described (21); every cell found in the adult 
has been carefully tracked and its progenitor tree 
precisely established with every branch and sub- 
branch delineated. Second, and to be emphasized, 
the heamtopoietic cell lineage has been described 
with its several diverging pathways (21,52). It is 
now clear that each separate pathway and, indeed, 
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FIG. 1. Mesenchymal stem cell phenotypes. Mesenchymal 
stem cells are theoretically capable of differentiating through 
a series of separate and unique lineage transitions Inlo a 
variety of end-stage phenotypes as shown. 

progression through each separate stage within a 
discrete pathway is controlled by a balance of ex- 
trinsic and intrinsic macromoleculcs. Molecular bi- 
ologists continue to isolate, clone, and express large 
amounts of these proteins, which allows use of cell 
culture systems to identify accurately the factor 
that controls progression to which stage and when 
(51,70). The challenge for skeletal biologists is to 
use the new information and new molecular tools to 
translate these advances into a better understanding 
of skeletal development, physiology, and repair. 

EMBRYONIC MESENCHYMAL CELLS 

The middle embryonic layer, the mesoderm, 
gives rise to all of the body's skeletal elements,* 
The term, mesenchyme, is derived from the Greek 
meaning "middle" (meso) "infusion M and refers to 
the ability of mesenchymatous cells to spread and 
migrate in early embryonic development between 
the ectodermal and cndodermal layers. This char- 
acteristic migratory, space-filling ability is the key 
clement of all wound repair in adult organisms in- 
volving mesenchymal cells in skin (dermis), bone 
(periosteum), or muscle (perimysium). Proteins that 
serve as chemoattractants, chemicals that specifi- 
cally encourage this migratory activity to wound or 
developmental sites have been identified (24,32,59). 
The migratory activity of mesenchymal cells is 
complemented by their capacity to aggregate spc- 

* For the sake of clarity, 1 address only Issues related to car- 
tilage or bone, although the some general experimental approach 
and logic can be used for other mesenchymal tissues. 



cificalJy to form unique developmental structures 
or, in adults, to form repair blastemas, which arc 
then capable of responding to local cues and differ- 
entiating accordingly to achieve regenerative repair 
(10,11). 

Chick Limb Cells 

More than 20 years ago, my collaborators and I 
attempted to define experimentally the conditions 
and cues necessary to control the differentiation of 
embryonic mesenchymal cells into cartilage and 
bone (5,7,17). Both in vivo and in vitro studies were 
used, but development of cell cultures and the gen- 
eral approach of using cell cultures has provided the 
experiential basis for approaching the study of mes- 
enchymal stem cells from adults. The system we 
developed was the culturing of stage 24 (day 4.5) 
embryonic chick limb mesenchymal cells under 
conditions that promoted differentiation of cartilage 
(chondrocytes) (5,7,13,20) and bone (osteoblasts) 
(42,65). 

Chondrocytes 

Our first experimental effort with embryonic 
chick limb mesenchymal cells was to focus on chon- 
drocyte development, which we learned was con- 
trolled by the initial plating density (5,17), oxygen 
levels (14), or, as recently shown by other investi- 
gators, a variety of physical and chemical factors 
(53,58,61). The key factor in the conversion of a 
mesenchymal cell to a chondrocyte is maintaining 
the progenitor cell in a round, unspread conforma- 
tion. This can be accomplished simply by plating 
the cells initially under very compact, high-density 
conditions: 5 X 10 6 embryonic stagc-24 limb mes- 
enchymal ceils per 35-mm dish (5,17). Even in a 
simple, defined medium consisting of insulin, trans- 
ferrin, bovine scrum albumin (BSA), and hydro- 
cortisone in Eagle's minimum essential medium 
(MEM), the differentiation of chondrocytes and 
their further development can be documented as 
long as the cells arc initially seeded at high density 
(18,30). 

The high-density, limb ccll-dcrivcd chondrocyte 
in culture makes two cartilage-specific molecules in- 
abundance: type II collagen (68) and a large chon- 
droitin sulfate, keratan sulfate proteoglycan (CSPG) 
(13,18,20). By detailed chemical and physical char- 
acterization of the CSPG synthesized on each day 
of culture, we showed that the glycosaminoglycan 
chains arc biosynthesized slightly differently with 
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time (Fig. 2). Peptide maps show that the newly 
synthesized core protein (26) is identical on each 
day of culture, whereas the chondroitin sulfate 
chains are synthesized progressively shorter 
(30,000 D on day 2 to 15,000 D on day 20) and the 
keratan sulfate chains are synthesized progressively 
larger (0 to 10,000 D) (13,20). This biosynthetic pro- 
gression is exactly what has subsequently been 
shown to occur in the cartilages of embryonic, 
adult, and aging human (50) and bovine specimens 
(62). 

That embryonic chondrocytes have an aging- 
dependent program of changing biosynthesis is fur- 
ther documented when cultured embryonic chick 
chondrocytes arc transplanted in a fibrin-based de- 
livery vehicle into defects at the articular surface of 
adult chickens (29). Such chondrocytes produce 
what appears to be appropriate cartilaginous matrix 
and have been followed >18 months. The resulting 
repair cartilage appears to integrate perfectly into 
the defect and to provide the animal with a healthy, 
normal articular surface. These experiments and 
others clearly establish the concept of repairing car- 
tilage with embryonic or appropriate reparative 
cells. 

Osteoblasts 

Our initial success in studying emergence of 
chondrocytes and formation of cartilaginous tissue 
from cultures of limb mesenchymal cells encour- 
aged us to study differentiation of osteoblasts and 
formation of bone as well. Our initial logic was that 
high-density conditions caused cartilage formation 
and that cartilage was the progenitor tissue of bone. 
(Some investigators have reported that cartilage 



provides the scaffold for bone formation.) After 2 
years of frustrating experimentation, we realized 
that when infrequent bone and osteoblasts could be 
identified, the bone had formed at a distance from 
cartilage and never on or in the cartilage (42), By 
carefully decreasing the initial cell density of limb 
mesenchymal cells to just below the density at 
which some mineralized cartilage could form (2 x 
10 6 cells/35-mm dish), we observed numerous de- 
posits of bone and abundant osteoblasts which, 
again, were clearly at some distance from cartilage 
(6,42,44). In addition, these osteoblasts exhibited 
the classic response to parathyroid hormone (PTH) 
of elevated cyclic AMP levels (71,72) and possessed 
a bone-specific alkaline phosphatase (43). These stud- 
ies clearly indicated that embryonic chick limb mes- 
enchymal cells were capable of differentiating into 
osteoblasts and that the culture conditions support- 
ing optimum osteoblast emergence were different 
from the conditions optimum for chondrogenesis. 

Mouse and Human Limb Cells 

With regard to cartilage and bone, the properties 
of mouse and human limb mesenchymal cells in cul- 
ture appear to be quite similar, if not identical 
(25,46). Likewise, cartilage and bone development 
in vivo arc also quite comparable, with the m?\jor 
exception that embryonic cartilage of chick docs 
not calcify whereas that of mammals always calci- 
fies (16). The comparable developmental properties 
of aves, rodents, and humans encourages us to con- 
tinue experimentation with animal cells as an ap- 
proximation of better understanding of the proper- 
ties of human cells and tissues. 



FIG. 2. Proteoglycans synthesized by newly dif- 
ferentiated, mature, and senescont chondrocytes. 
With Increasing age, chondrocytes synthesize 
proteoglycans that have smaller chondroitin sul- 
fate chains and larger keratan sulfate chains 
(7,8.12,13,20). 
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LINEAGE OF MESENCHYMAL CELLS 
Cartilage 

The important inference from the above discus- 
sion is that chondrocytes have a programmed (i.e., 
genetically dictated) sequence of changes in their 
end-stage expression (8,12). The differences in gly- 
cosaminoglycan chain lengths or chemistry are sta- 
ble to cell culturing or metabolic perturbation. The 
control of these events is not known, but all exper- 
iments designed to slow this sequence of biosyn- 
thetic alterations or reverse them have failed. The 
inference is that a genomic mechanism somehow 
''tells time" and that this clock is hard-wired and 
unidirectional (8,12). 

Such biosynthetic changes in articular cartilage 
are different from the lineage changes observed in 
adult growth plate or embryonic limb cartilage. A 
discrete set of expressional stages or lineage states, 
comprising dividing, maturing, and hypertrophic 
chondrocytes, is apparent in embryonic limb tissue, 
cell culture (13,58,61), and in the growth plate 
(19,28). Eventually, the hypertrophic cartilage in 
vivo is eroded by vascular, marrow, and phagocytic 
cells and replaced by bone. Each chondrocytic lin- 
eage state is uniquely different from its predeces- 
sor, as shown in Fig. 3. For example, hypertrophic 
chondrocytes synthesize a unique small collagen, 
type X, and a unique proteoglycan (54,55); neither 
of these molecules is synthesized by mature chon- 

Chondrogonlc PnOGENITOR i Typo I Collflflon, C3PG-M 

i 

Chondroblaot ' Typo II Collaflon, CSHG-H 

I 

Chondrocyte I t HQ Kd, link protoln 

I 

Chonrocylo II : 100 Kd 

I 

Hypertrophic Chondrocyle i Typo X collagon. 69 Kd, 1.260H D a n 

FIG. 3. Chondrogenfc lineage. Based on the experiments of 
Solursh at el. (58,61) a hypothetical lineage map can be con- 
structed to consist of at least five separate stages based on 
the changing biosynthesis of proteins (named or by molec- 
ular weight, K d ) or chondrollln sulfate proteoglycan (CSPG). 
The receptor for 1,25-dlhydroxy Vitamin D 3 la represented aa 
1,250HD 3 R. 



drocytes. In this particular circumstance, several 
factors are proposed to contribute to conversion of 
mature chondrocytes to hypertrophic chondrocytes 
(35); reversal of this process has not been reported. 

Bone 

We recently reviewed the major aspects of em- 
bryonic bone development. Figure 4 shows several 
important elements or rules governing this complex 
process (10,11,16). First, a discrete positioning of 
progenitor cells, stacked cells, existed in proximity 
to the developing bone (47). The stacked cells give 
rise to ostcoblats in a discrete series of lineage steps 
(described below). The end stage or secretory os- 
teoblast is positioned by its proximity to vascula- 
ture, with the "back" of the osteoblast to the cap- 
illary and osteoid deposited from the "front" of this 
highly oriented secretory ceil (47,48). The vascula- 
ture is the orientor of osteogenesis and the osteo- 
blast is the formative element. Cartilage is not re- 
placed by bone, but is instead the target for vascular 
(marrow) replacement (48); in the early limb, the 
cartilage model exactly defines the eventual mar- 
row cavity. 

That a discrete series of individual lineage stages 
exists between the progenitor cells in the stacked 
cell layer and the secretory osteoblasts is now clear, 
as shown in Fig. 5. We recently isolated four mono- 
clonal antibodies, SB1, 2, 3, and 5, which have 
helped provide evidence for an osteoblast lineage 
(3,4). Progenitor cells in the stacked cell layer and 
osteocytes do not interact with SB 1 , 2, or 3. Newly 
differentiated osteogenic cells react with SB1, but 
not with SB2 or 3, whereas fully secretory osteo- 
blasts react with SBi, 2, and 3. A subpopulation of 
osteogenic cells reacts with SB2, but not SB3. Os- 
teocytes react with OB7.3 of Nijweidc and Mulder 
(38) or with our SB5, but not with SB 1 , 2, or 3. The 
lineage tree in Fig. 3 is based on these observations 
and not only establishes the existence of an osteo- 
blastic lineage but suggests that osteocytes are de- 
rived directly from osteoblasts with SBI, 2, and 3 
antigens that are suppressed as SB5 and OB7.3 arc 
turned on. Experiments are now in progress to use 
these monoclonal antibodies to isolate representa- 
tives of each lineage stage so that studies can be 
conducted to identify the agents that promote the 
progression from one lineage stage to the next. Cen- 
tral to the thesis presented below is the exisLence of 
osteoprogenitor cells in the stacked cell layer, the 
future periosteum. 
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FIG. 4, Sequence of progressive In vivo bone 
development. Progressive repositioning of the 
vasculature from outside the slacked cell layer 
to a position fn close approximation to the first 
layer of secretory osteoblasts responsible for 
formation of the first bony collar of the chick 
tibia (11,47,48). Tho osteoblast Is oriented with 
Its back toward the Invading capillary and secre- 
tion of osteoid toward the cartilage core from 
the osteoblast's face. In this model, osteoblasts 
secrete osteoid In a direction away from vascu- 
lature (B), causing formation of a strut (C) and 
eventually forming the second layer of bone (D). 
These observations show that an Intimate rela- 
tionship exists between vasculature and newly 
forming bone. 
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BIOACTIVE FACTORS IN BONE 

From the earliest days of modern humans, bone 
has been recognized to have the powerful capacity 
to repair discontinuities (22). A variety of bioactive 
factors combine in a complex multicellular, multi- 
step response in which reparative cells are specifi- 
cally attracted to the repair site. These cells then 
aggregate, multiply, bridge the bone gap, and dif- 
ferentiate into chondrocytes or osteoblasts as con- 
trolled by the proximity to vasculature. Recently, 
an intensive research activity to identify and char- 
acterize these various bioactive factors was largely 



successful (56,66,67,69). Our laboratory has de- 
scribed the purification of a protein factor, chon- 
drogenic stimulating activity (CSA), which converts 
embryonic limb mesenchymal cells to chondrocytes 
(63,64). We arc also attempting to purify a bonc- 
derived chemoattractant for mesenchymal cells by 
using the now standard modified Boydcn chamber 
(31,33). 

Relevant to the thesis developed below, the iden- 
tity and manipulation of the cells responding to 
bone-derived bioactive factors is directly related to 
successful bone repair. Such responding cells arc 
present in the adult periosteum (36), dermis (49), 
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bone murrow (1.40,41,45), and connective tissue as- 
sociated with muscle (34,37). One or all of these 
repositories arc capable of forming bone when ap- 
propriately delivered bioactive factors are pre- 
sented. 

Alternately, when the responsive cells, stem 
cells, arc placed in suitable delivery vehicles that 
can retain these cells while encouraging vascular 
invasion, bone can be observed to form. Recently, 
wc used calcium phosphate porous ceramics in 
composite with marrow to encourage bone forma- 
tion at both heterotopic and orthotopic sites (40,41). 
Whole disaggregated marrow cells in suspension 
are loaded into porous ceramic and transplanted to 
subcutaneous, intramuscular, or bone defect sites 



in vivo. In 1-2 months, the few mesenchymal stem 
cells in the marrow have replicated massively and 
differentiated into osteoblasts. In the dead-end 
pores of the ceramic, which are devoid of vascula- 
ture, these stem cells differentiate into chondro- 
cytes and form cartilage. 

MESENCHYMAL STEM CELLS 

From the above discussion several key facts arc 
evident. First, embryonic mesenchymal stem ceils 
in the limb which give rise to cartilage and bone in 
vivo can be manipulated in vitro. Second, these 
cells have a lineage progression of separate, indi- 
vjdual steps, whether it be the chondrogenic or os- 
teogenic pathway. Third, local cuing, sometimes in- 
volving highly potent protein factors, is responsible 
for providing positional information and causing lin- 
eage progression. Cell culture conditions have been 
refined to the extent that not only can these pro- 
gressive events be studied in detail, but manipula- 
tion of the cells is also possible to provide control of 
tissue size and function. 

Fourth, although chondrocytes and osteoblasts 
are derived from a common mesenchymal cell, the 
conditions for their initial differentiation and pro- 
gression through the individual steps of their lin- 
eages are uniquely different. For example, osteo- 
genesis is dependent on proximity to vasculature 
whereas chondrogenesis requires the complete ab- 
sence of vasculature (7,10,11,16); osteogenesis is 
optimum at an initial cell culture seeding density in 
35-mm dishes of 2 X 10 6 embryonic limb mesenchy- 
mal cells, whereas chondrogenesis is optimum at 5 
X 10 6 cells (5,17,42). 

Fifth, bone forms from mesenchymal stem cells 
in a cartilage-independent manner with vasculature 
providing a determinative discriminator between 
these two tissues; embryonic cartilage is not re- 
placed by bone, but rather by vasculature and mar- 
row (10,11,16). Sixth, wc can demonstrate that 
three tissue sites are the repositories of mesenchy- 
mal stem cells: marrow (1,40,41,45), periosteum 
(36), and muscle connective tissue (34,37). 

MARROW 

Figure 6 outlines an assay to demonstrate thai 
marrow contains mesenchymal stem cells capable 
of differentiation into cartilage and bone. Whole 
marrow is disrupted into single cells by passing it 
through needles of successively smaller sizes; the 
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FIG. 6. Diffusion chamber assay In nude mice. Cell samples 
from marrow or other sources can be loaded Into chambers 
composed of two Mllllpore filters glued to the edges of a 
plastic ring. These chambers are then Implanted In the peri- 
toneal cavity of athymic (nude) mice as a highly vascular In 
ylvo Incubation site. The filters prevent host cells from enter- 
Ing the chambers but permit rapid diffusion of nutrients and 
other factors Into or out of the chamber, Histologic Identifi- 
cation of two distinctive phenotypes, cartilage and bone, In- 
dicates Ihat mesenchymal stem cells were present In the Ini- 
tial Inoculum (1,2,45). 



cells are counted, and 1— 10 x 10* cells are placed in 
a small diffusion chamber (1,2,45). This chamber is 
of simple construction consisting of a small plastic 
ring onto which two Millipore filters have been 
glued. The filters allow body fluids (salts, nutrients, 
proteins, Jarge protein complexes) to pass in and 
out of the chamber, but cells inside are not mixed 
with host cells, and tissues such as the vasculature 
are completely excluded. These chambers are im- 
planted into the peritoneal cavity of an athymic 
(nude) mouse as an in vivo incubator, and they 
quickly become surrounded by host vasculature. 
Detailed studies have shown that the hematopoietic 
cells are eliminated, whereas mesenchymal cells 
vigorously divide and differentiate into cartilage in 
the middle of the chamber and bone at the filter 
interfaces closest to the enveloping vasculature 
(1,2,45), The presence of both cartilage and bone in 
the diffusion chamber has been compared to the 
presence of predominantly bone inside the highly 
vascularized pore regions of porous calcium phos- 
phate ceramics loaded with marrow cells and im- 
planted at heterotopic or orthotopic sites described 
above (40,41). 

As a refinement of these experiments, we have 
been able to purify marrow mesenchymal cells by 
their differential adhesion to culture dishes and 
have successfully cultured cells through many pas- 
sages (23). These cultured marrow mesenchymal 
cells from rat or chicken retain their capacity to 
differentiate into osteoblasts in ceramics through 



such subculturing. Of importance is the demon- 
strated success of isolating marrow mesenchymal 
cells and mitotically expanding these cells with re- 
tention of their full developmental potency to dif- 
ferentiate into osteoblasts or chondrocytes. 

Periosteum 

Another repository for mesenchymal stem cells is 
the periosteum, a complex layer of cells that com- 
poses the outermost layer of long bone; we have 
termed the periosteum the stacked cell layer in de- 
veloping embryos (1,16,47,48). This layer clearly 
responds to injury by rapidly expanding and form- 
ing woven bone; it also has ceils capable of differ- 
entiating into chondrocytes when the periosteum is 
transplanted into an articular cartilage defect (39). 
In experimentation paralleling that described above 
for marrow mesenchymal cells, we have been suc- 
cessful in culturing and passaging periosteal cells 
(36). In porous ceramics implanted in nude mice, 
these cultured periosteal cells differentiate into os- 
teoblasts (36). When the same cell preparation is 
injected into a subcutaneous site in a nude mouse, 
the cultured periosteal cells differentiate into both 
bone and cartilage (36). The important point is that 
culture-expanded periosteal cells retain their full 
developmental potency and can be manipulated to 
form two very complex and different tissues, bone 
or cartilage. 

THE FUTURE: (SELF-CELL THERAPY) 

Several important conceptual and technical ad- 
vances have converged to allow us to consider the . 
possibility of using a patient's own mesenchymal 
stem cells as starting material for tissue repair pro- 
tocols. Mesenchymal stem cells must exist to main- 
tain the living organisms, just as hematopoietic 
stem cells must exist to support both red and white 
blood cell turnover. Developmental biology has 
taught us that differentiated ceils arise in a sequence 
of definitive cellular and molecular transitions, a 
lineage, from stem cell to end phenotypc, Bone, for 
example, turns over; new osteoblasts arise, have a 
defined half-life, make new bone, and then die, to 
be replaced by other newly differentiating end-stage 
osteoblasts. Such osteoblasts must arise from stem 
cells; thus, a living organism must have repositories 
of stem cells. 

Therefore, we might be able to isolate such hu- 
man mesenchymal stem cells and place them in cell 
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culture, where we could mitotically expand their 
numbers. Eventually, if we had enough of these 
cells, we could reintroduce them into the original 
donor in a manner that guaranteed that they would 
massively differentiate into a specific tissue, such 
as cartilage or bone, at a transplantation or repair 
site. Immunorejection would not be a problem be- 
cause the donor and host would be one and the 
same. 

The first experimental step to test this idea is to 
determine if the animal-based technology described 
above can be modified to be used with human ma- 
terial. The first attempts at this have been highly 
encouraging. Recently, human marrow was intro- 
duced into diffusion chambers which were placed in 
nude mice; both cartilage and bone were eventually 
observed in the chamber (2). We recently cultured 
human marrow and isolated mesenchymal cells that 
were passaged, introduced into porous ceramics, 
and implanted subcutnneously in nude mice. In the 
pore regions of these highly vascularized compos- 
ites, bone clearly formed in every sample of culture- 
expanded, marrow-derived mesenchymal cells 
tested (27). These preliminary experiments provide 
hope that the animal-based technology developed 
for mesenchymal cells from marrow or periosteum 
will be translatable to humans. 

The concept of ex vivo manipulation of cells and 
their reimplantation into a donor is the basis for 
proposing self-cell therapy as a future possibility. 
Massive bone regeneration to fill gaps from tumor 
excision, regeneration of damaged articular carti- 
lage, and maintenance of bone formation in the eld- 
erly at risk for osteoporosis are clinical protocols 
that require large numbers of the appropriate repar- 
ative skeletal cells. The patient's own mesenchymal 
stem cells may prove to be the basis of a new, cell- 
based treatment plan requiring the merging of mo- 
lecular biology to produce specific bioactive fac- 
tors, cell biology to develop ex vivo manipulation 
regimens, and surgeons able to implant cells capa- 
ble of repairing skeletal defects by the regeneration 
process. 
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DECLARATION OF RirHAPp HEIISFR M n 



I, Richard Heuser, declare as follows: 



1. 



I have offices at 525 North 18 th Street, Suite 504, Phoenix, Arizona 85006. 
My Curriculum Vitae is attached hereto as Exhibit A. 



3. 



I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 
19 through page 46, line 16. A copy of such disclosures is attached hereto 
as Exhibit B. 



4. 



I note that the disclosures referenced in above Paragraph 3 relate to using 
a growth factor for promoting the growth of soft tissue and, more 
specifically, to a method of using a growth factor for growing muscle in a 
human heart. 
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5. 



7. 
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HEUSER DECLARATION 

I am aware of and have considered the definition of growth factor in the 
specification of the above-referenced patent application at page 20 line 10 
through page 21, line 15. Such definition is set forth in Exhibit C along 
with a definition from the medical dictionary, MEDLINE plus: Merriam- 
Webster Medical Dictionary. A service of the U.S. NATIONAL 
LIBRARY OF MEDICINE and the NATIONAL INSTITUTES OF 
HEALTH. I find that the dictionary definition is consistent with that 
contained at page 20, line 10 through page 21, line 15 of the above- 
referenced patent application. I believe that both definitions are 
appropriate for use in the field of tissue growth and would be understood 
by one skilled in the medical arts. Accordingly, I am adopting and 
utilizing the definition contained in the patent application throughout this 
declaration. 

I have read and understood the claims set forth in Exhibit D and have been 
informed that such claims will be presented to the Patent and Trademark 
Office in the near future. 

The materials included in attached Exhibit E illustrate that placement of a 
growth factor in a human patient causes muscle growth in a heart. These 
materials report work performed by reputable, skilled scientists and 
reputable organizations in the medical arts. Consequently, I believe that 
these reports would be recognized as clearly valid by one of ordinary skill 
in the medical arts because they report the results of scientific tests 
conducted by competent, disinterested third parties with use of proper 
scientific controls. 



Based upon above Paragraphs 3-7, it is my opinion that introducing a 
growth factor into a human patient will predictably cause new muscle 
growth in the heart of the patient. 
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9. 



Based upon above Paragraphs 3-6, it is my opinion that one skilled in the 
medical arts, armed with the knowledge in such paragraphs, would be able 
to practice the method set forth in Exhibit D without need for resorting to 
undue experimentation. 



1 0. Declarant states that the above opinion was reached independently. 



Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made 
information and belief are believed to be true. 



on 



Further Declarant sayeth not. 



Date: 



to 




Richard Heuser 
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EXHIBIT A 



CURRICULUM 
VITAE 



Curriculum Vitae 
Richard Ross Heuser, M.D., F.A.C.C., F.A.C.P. 



ADDRESS; 



EDUCATION; 

1969 - 1972 

1972 - 1976 



POST GRAD UATE TRATMTM/a. 

1976 - 1977 



525 North 18 th Street, Suite 504 
Phoenix; Arizona 85006 
(602) 234-0004 
(602) 234-0058 (fax) 
phoenixhea rt@,earthlink n»t 



University of Wisconsin 
Honors in Chemistry 
Phi Beta Kappa 

Evan Helfaer Scholarship in Chemistry 

University of Wisconsin School of Medicine 
Graduation with Honors - May 1976 
Alpha Omega Alpha 
Evan Helfaer Scholarship in Medicine 



1977 - 1979 
1979 - 1981 
LICENSURE; 

EMPLOYMENT; 

December 2002 - Present 

April 2001 - Present 
June 2000 - Present 
1998 - June 2000 



Internship in Medicine 
The Johns Hopkins Hospital 
Baltimore, Maryland 

Residency in Medicine 
The Johns Hopkins Hospital 
Baltimore, Maryland 

Fellowship in Cardiology 
The Johns Hopkins Hospital 
Baltimore, Maryland 



State of Arizona, License #19703 
State of New Mexico, License #83-220 



Director of Cardiovascular Research 
St. Joseph's Hospital and Medical Center 
Phoenix, Arizona 

Cardiac Cath Lab Director 

St. Luke's Medical Center, Phoenix, Arizona 

Medical Director 

Discovery Alliance, Phoenix, Arizona 
Director 

Phoenix Research Center, Phoenix, Arizona 
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April 1997 - Present Medical Director 

Phoenix Heart Center, Phoenix, Arizona 
December 1999 - Present Director of Research 

St. Luke's Medical Center, Phoenix, Arizona 
April 1997 - December 1999 Director of Research and Education 

Phoenix Regional Medical Center, Phoenix, Arizona 

April 1990 - April 1997 Director of Research and Education 

Arizona Heart Institute, Phoenix, Arizona 
July 1983 - April 1990 Private Practice 

New Mexico Heart Clinic, Albuquerque, New Mexico 
July 1982 - June 1983 Private Practice 

Houston Cardiovascular Associates, Houston, Texas 
June 1981 - July 1982 Instructor in Medicine, Cardiology 

The Johns Hopkins Hospital, Baltimore, Maryland 

PROFESSIO NAL APPOINTMENTS; 

1981 - July 1982 Instructor in Medicine - Cardiology 

Division of Cardiology 

The Johns Hopkins Hospital, Baltimore, Maryland 

July 1982 - June 1983 Instructor in Medicine, Cardiology 

Baylor College of Medicine, Houston, Texas 

July 1983 - February 1990 Director, interventional Cardiology 

New Mexico Heart Clinic, Albuquerque, New Mexico 

April 1984 - June 1986 Clinical Assistant Professor of Medicine 

University of New Mexico, Albuquerque, New Mexico 

Director, Medical Residency Program 

New Mexico Heart Clinic, Albuquerque, New Mexico 

June 1986 - April 1990 Clinical Associate Professor of Medicine 

University of New Mexico, Albuquerque, New Mexico 

May 1996 - April 1997 Director, Interventional Cardiology 

Arizona Heart Institute Foundation, Phoenix, Arizona 

Sept 1995 - December 1999 Medical Director - Cardiac Catheterization Laboratory 

Phoenix Regional Medical Center, Phoenix, Arizona 

December 1990 - Present Clinical Associate Professor of Medicine 

University of Louisville, Louisville, Kentucky 

April 1990 - April 1997 Director of. Research and Education 

Arizona Heart Institute Foundation, Phoenix, Arizona 
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Apri. 1997 - December 1999 Di rector of Research and Educatjon 

Phoenix Regional Medical Center, Phoenix, Arizona 

BOARD MEMBEPfiMTPe. 

American Board of Internal Medicine 

American Board of Cardiovascular Diseases Diploma 

Amencan Board of mterven.iona, CaXSS Sases, D , plomat 

PROFESSTnMAL MPMBCDCL|jpo. 

Fellow, American College of Angiology 
Fe low, American College of Cardiology 
Fe low, American College of Physicians 
Fellow, of the American Heart Association 

aasssHSSBssssB- 

Member, American Medical Association 
Member, Houston Cardiology Society 

Member) tSSSSi ^dSr** 

Member, Harris County Medical Society 

Member, Texas Medical Association 

Member, National Register's Who'q whn in C v« ..• 

"ember, Who's Who?n hX^S^X^^^ 

CLINICAI ADVisnpy B n^ ffr «;. 

USCi nCed Cardiovascu,ar Systems ; 

Mansfield Scientific Interventional Board 
Medtronic Interventional Vascular 

Scientific Advisory Board of Internationa. Society of Heart Failure 

EDITOR! A I RHADnc. 

C " d StX S ^ h F °™^'°~V ^ CrCac Angiography anc, Indentions 



DATA SAFFT V BOARnc 



ICEM Data Safety Monitoring Board 
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Principal Investigator 
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DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 



-Bl - 



by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44. LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 



-B2- 



nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and inj ected into a 
patient intravenously, mtraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growmg a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to fonn cardiac muscle and/or an 
mjection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new musdes 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factors) sequentially. For instance, one or more blood vessels are grown by mserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. Th 1S procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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EXHIBIT C 
DEFINITIONS 



PAGE 20. L INE 10 - PAGE 21. I INF 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EOF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogeny protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the earner, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue P H, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

MEDLINE PLUS: MERRIAM- WEBSTER MEDICAL DICTIONARY 

A SERVICE OF THE U.S. NATIONAL LIBRARY OF MEDICINE AND THE 

NATIONAL INSTITUTES OF HEALTH 

Growth factor: a substance (as a vitamin B u or an interleukin) 
that promotes growth and especially cellular growth 
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EXHIBIT D 
CLAIMS 



C[aim X: A method for growing a new portion of a pre-existing 
heart comprising the steps of: placing a growth factor in a body of 
human patient and growing new muscle in said heart. 
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Clinical Investigation and Reports 



Repair of Infarcted Myocardium by Autologous 
Intracoronary Mononuclear Bone Marrow Cell 
Transplantation in Humans 

Bodo E Strauer, MD; Michael Brehm, MD; Tobias Zeus, MD; Matthias Kosterine MD- 
Anna Hernandez, PhD; Riidiger V. Sorg, PhD; Gesine Kogler! PhD; S^Siet MD 
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corona^ nn^Z^^X^^^^S d ™« b ' ,,00n di,a,a,, '° n ^^ous transluminai 
follow-up, the infarct region fde ermined tlJ were treated by standard therapy alone. After 3 months of 

group (from M^ll^T^^^ venography) had decreased significantly within the cell therapy 
(/•-0.04) Like^ se i. Ltion Cli? 7" ° S, ? n,f,Cantlv smaller c ™P"ed with the standard therapy group 
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ventriculography an ^.cSaiL ^^^h^ ,n, ^ , 'f 1 " 3 ™ 6 Stress echocardiography. radionuclide 
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"t^^^ ti « intracoronary transplantation of autologous. 
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c.aieo myocardial regenerat.on and neovascularization. (Circulation. 2002;1061913-1918 ) 

Key Words: myocardial infarction . cell transplantation, intracoronary . angiogenesis . bone marrow . myodesis 



■p emodeling of the left ventricle after myocardial infarc- 
XVt.on (Ml) represents a major cause of infarct-related 
heart failure and death. This process depends on acute and 
chrome transformation of both the necrotic infarct region and 
the noi.-necrotic. peri-infarct tissue.'.' Despite application of 
pnarmacotherapeutics and mechanical interventions the car- 
diomyocyies lost during Ml cannot be regenerated The 
recent findmg that a small population of cardiac muscle cells 
is able to replicate itself is encouraging but is still consistent 
with the concept that such regeneration is restricted to viable 
myocardium. 3 

In animal experiments, attempts to replace the- necrotic 
zone by transplanting other cells (eg, fetal cardiomyocytes or 
skeletal myoblasts) have invariably succeeded in reconstitut- 
mg heart muscle structures, ie, myocardium and coronary 
vessels. However, these cells fail to integrate structurally and 
do not d>splay characteristic physiological functions."-' An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow- derived cells Bone 



marrow contains multipotent adult stem cells that show a high 
capac.ty for differentiation."-'- Experimental studies have 
shown that bone marrow cells (BMCs) are capable of 
regenerating infarcted myocardium and inducing myogenesis 
and angiogenesis; this leads in turn to amelioration of cardiac 
function in mice and pigs."-.- However, procedures based on 
this phenomenon remain largely uninvestigated in a human 
clinical setting. 

An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of contraction 
and viability 5 months afterward." Autologous mononuclear 
BMCs transplanted in a similar surgical setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
patients and no change in 2 patients.'* However, such studies 
enta. a surgical approach and are therefore associated with 
well-known perioperative risks. Moreover, this surgical pro- 
cedure cannot be used with MI. We therefore looked for a 
nonsurgical, safer mode for transplanting autologous cells 
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Figure 1. Procedure of cell transplantation Into 
infarcted myocardium In humans, a, The bal- 
loon catheter enters the Infarct-related artery 
and is placed above the border zone of the 
infarction. It is then inflated and the cell sus- 
pension is infused at high pressure under stop- 
flow conditions, b, In this way, ceils are trans- 
planted into the infarcted zone via the infarct- 
related vasculature (red dots). Cells infiltrate the 
infarcted zone. Blue and white arrows suggest 
the possible route of migration, c, A supply of 
blood flow exists within the infarcted zone. 35 
The cells are therefore able to reach both the 
border and the infarcted zone. 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after 3 and 6 months of follow-up. 17 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation. All 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n=4), left circumflex coronary artery 
(n-3), or right coronary artery (n=!3). Mean duration of infarct 
pain was 12±10 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after infarction, 
cardiac shock, severe comorbidity, alcohol or drug dependency, or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography, 
and left ventriculography, mechanical treatment was initiated with 
recanalization of the infarct-related artery by balloon angioplasty 
(n-20) and subsequent stent implantation (n= 19). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group. 

All 20 patients were briefed in detail about the procedure of BMC 
transplantation. Informed consent was obtained from 10 patients, 
who formed the cell therapy group, whereas 10 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Heinrich-Heine-University, Diisseldorf, approved the study 
protocol. All procedures conformed to institutional guidelines. 

Before taking part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acetylsalicylic acid 
an ACE inhibitor, a j3-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
(~40 mL) was aspirated under local anesthesia from ilium of cell 
therapy patients (n= 1 0). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (BioWhit- 
taker) before the erythrocytes were lysed with H,0. For overnight 



cultivation, 1 X10 6 BMCs/mL were placed in Teflon bags (Vuelife, 
Cell Genix) and cultivated in X-Vivo 15 Medium (BioWhittaker) 
supplemented with 2% heat-inactivated autologous plasma. The next 
day, BMCs were harvested and washed 3 times with heparinized 
saline before final resuspension in heparinized saline. Viability was 
93 ±3%. Heparinization and filtration (cell strainer, FALCON) was 
carried out to prevent cell clotting and microembolization during 
intracoronary transplantation. The mean number of mononuclear 
cells harvested after overnight culture was 2,8 X 1 0 7 ; this consisted of 
0.65±0.4% AC133-positive cells and 2. 1 ±0.28% CD34-positive 
cells. All microbiological tests of the clinically used cell preparations 
proved negative. As a viability and quality ex vivo control, 1XI0 5 
cells grown in H5100 medium (Stem Cell Technology) were found 
to be able to generate mesenchymal cells in culture. 

Intracoronary Transplantation of BMCs 

Five to nine days after onset of acute infarction, cells were directly 
transplanted into the infarcted zone (Figure 1). This was accom- 
plished with the use of a balloon catheter, which was placed within 
the infarct-related artery. After exact positioning of the balloon at the 
site of the former infarct-vessel occlusion, percutaneous transluminal 
coronary angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 
minutes each. During this time, intracoronary eel) transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 1.5 to 4XI0 6 mononuclear cells. PTCA thoroughly pre- 
vented the backflow of cells and at the same time produced a 
stop-flow beyond the site of the balloon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus, pro- 
longed contact time for cellular migration was allowed. 18 

Functional Assessment of Hemodynamics 

After 3 months, all 20 patients were followed up by left heart 
catheterization, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens). To quantify infarction wail movement velocity, 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dyskinetic segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centerline method according to Sheehan was used." All 
hemodynamic investigations were obtained by two independent 
observers. 

In the cell therapy group before and 3 months after cell transplan- 
tation, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobutamine stress echocardiography 
radionuclide ventriculography, catheterization of the right heart and 
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TABLE 1. Baseline Characteristics of the Patients 



Clinical Data 
Characteristics 

No. of patients 

Age, y 

Sex 

Onset of infarction before angioplasty, h 
Coronary angiography 
No. of diseased vessels 

No. of patients with LAD/LCX/RCA as the affected vessel 
No. of patients with stent implantation 
Laboratory parameters 
Creatinine kinase, U/L 
Creatinine kinase- MB, U/L 
Bone marrow puncture after angioplasty, d 
Mononuclear bone marrow celts, n (X10 7 ) 



Cell 
Therapy 


Standard 
Therapy 


P 


to 


10 




49±10 


50±6 


NS 


Male 


Male 




10±8 


13±11 


NS 


1.7 ±0.9 


2.1 ±0.7 


NS 


4/1/5 


0/2/8 




9 


10 




1136±1170 


1308*1187 


NS 


106±72 


124±92 


NS 


7±2 






2.8±2.2 







Values are mean±SD or number of patients 
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siress-redulribution-reinjection ""thallium scintigraphy The con 
in.cnl.ty index P.^SV was calculated by diS LV systoHc' 
pressure (P ) by end-systolic volume (ESV). Perftsfon defec was 

wt U Sn n y ed SCimi8 ^ hiC bU "' S - eye ,eChni i Ut - Each exS^ 
was performed according to standard, protocols 

rhere were no complications or side effects determined in anv 
Statistical Analysis 

All data are presented as mean±SD. Statistical significance was 
cc ep ,cd when P was <0.05. Discrete variables were compared a 
ra.es, and companions were made by v> analysis Intra indiv!lJ 

oeTT °K baSe ' ine VCrSUS ™™4™bZ^?£^ 
P formed w„h a paired , test. Comparison of nonpara™ da a 
be ween the two groups was performed with WiCJS 

2: ^ir^SonS'r 1 ana,ysis ™ « 

Results 

Cluneal I data between the two groups did not differ signift- 
can.ly. The range of creatinine kinase levels was slightly but 
no. s.gnifican.ly higher in the standard therapy group than it 
was m ihe cell therapy group (Table I) 

Comparison of the 2 groups 3 months after cell or standard 
-hcrapy showed several significant differences in LV dynam- 
■cs. accord.ng to the global and regional analysis of fcft 
ven oculogram. The infarct region as a percentage of hypo 

H Heft IT? r r , dySkinet, ' C SegmemS ° f ,he -cumferSce 
of the left ventricle decreased significantly in the cell therapy 

g-oup (from 30* 13 to 12-7%, />=0.005) It was 11 
significantly smaller compared with the standard therapy" 
group after 3 months ry.-o.04). Within the standard tLp'y 
group o„| y a stal , Ical|y nonsiglljficant decrease ffom Py 

io 20. 1 IV. could be seen. Wall movement velocity over the 
infarct reg.cn rose significantly in ,he cell therapy group 
(from 2.011.1 , 0 4.012.6 cm/.. />=0.028) bu, „2 iflne 
standard therapy group (from 1.8-1.3 to 2.3*1.6 cm/s, 

-NS). No significant difference was observed between the 



two groups. Ejection fraction increased in both groups, albeit 
nons.gnificantly (from 57±8 to 62+10% in the cell therapy 
group and from 60±7 to 64 + 7% i„ the standard therapy 
group) (Table 2). vy 

Further significant improvement could also be seen on 
add.ttonal analysis of the cell therapy group alone. Perfusion 
defect was considerably decreased by 26% in the cell therapy 
group (from 174-99 to 128±7I cm'. />=0.0I6, assessed by 

thaM.um sc.ntigraphy) (Figure 2). Parallel to the reduction 
in perfusion defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49+7 to 56±7 mL/m l . P=0 010) 
and ejection fraction (from 51 ±14 to 53+13% 
/ 5 =NS). ' 

(2) Cardiac geometry, as shown by decreases in both 
end-diastolic (from 158+20 to I43+.30 mL P=HS) 
and end-systolic volume (from 82+26 to 67+ 2 1 mL 
P-0.01 1). Radionuclide ventriculography was used to 
acquire the data. 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20.5+4 2 to 
24.4 + 7.7 mm/s, P=SS, assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 

I^Ii'^r"^ '° end - s y s,oli ' volume (from 
1.81 ±1.44 to 2.27+1.72 mm Hg/mL. />=0.005). 

Discussion 

The present report describes the fi rs , clinical trial of intracor- 

imnlir^ 080115 ; mononuc,ear BMC transplantation for 
mprovmg heart function and myocardial perfusion in pa- 
t ents after acute MI. The results demonstrate that trans- 

ti sue wh S0, ; S , BMCS ' ead ,0 ^ ° f infc^ 

eriod Th e " f dUring thC immedia,C Potinftrcion 
period. These results also show that the intracoronary ap- 
proach of BMC transplantation seems to represent a novel 
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TABLE 2. Comparison of Cell Therapy and Standard Therapy Groups 





Ceil 
Therapy 


Standard 
Therapy 


P 


No. of patients 


10 


10 




Infarct region as functional defect 








Hypokinetic, akinetic, or dyskinetic region at 0 mo ( % 


30*13 


25±8 


NS 


Hypokinetic, akinetic, or dyskinetic region at 3 mo, % 


12±7 


20 ±11 


0.04 


P 


0.005 


NS 


... 


Contractility indices 








Infarction wall movement velocity at 0 mo, cm/s 


2.0*1.1 


1.8*1.3 


NS 


Infarction wall movement velocity at 3 mo, cm/s 


4.0±2.6 


2.3±1.6 


NS 


P 


0.028 


NS 




Hemodynamic data 








LV ejection fraction at 0 mo, % 


57±8 


60*7 


NS 


LV ejection fraction at 3 mo, % 


62±10 


64±7 


NS 


P 


NS 


NS 





NS Indicates not significant; 0 mo, zero months, which means the time of infarction; 3 mo, 3 
months, which means the time of the follow-up examinations. All data were obtained according to 
analysis of left ventriculogram. 



and effective therapeutic procedure for concentrating and/or 
depositing infused cells within the region of interest. 

Neogenesis of both cardiomyocytes and coronary capillar- 
ies with some functional improvement has been shown 
recently by several investigators using bone marrow- derived 
cells in experimental infarction. 11 -KM8.20-2J Moreover, trans- 
endothelial migration from the coronary capillaries and in- 
corporation of cells into heart muscle has been observed 
experimentally. 3 12 * 24 - 26 Until now, clinical data only existed 
for the cell therapy of surgically treated chronic ischemic 
heart disease. 15 - 16 Our aim was to transform the encouraging 
results from animal models to a safe clinical setting. The most 
crucial questions we had to address while designing and 



c- 'lilt' 



Figure 2. Improved myocardial perfusion of infarcted anterior 
wall 3 months after intracoronary cell transplantation subse- 
quent to an acute anterior wall infarction detected by 201 thallium 
scintigraphy. The images on the left (A, D, sagittal) and in the 
middle (B, E) show the long axis, whereas those on the right (C, 
F, frontal) show the short axis of the heart. Initially the anterior 
wall, with green-colored apical and anterior regions, had 
reduced myocardial perfusion (A, B, C). Three months after cell 
transplantation the same anterior wall, now yellow in color, 
revealed a significant improvement in myocardial perfusion (D, 
E, F). All illustrations depict the exercise phase. 



realizing this trial were: (1) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown that 
environmentally dictated changes of fate (transdetermination) 
are not restricted to stem cells but may also involve progen- 
itor cells at different steps of a given differentiation pathway 
(transdifferentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases. 27 Adult, mononuclear BMCs contain such stem and 
progenitor cells (^1%), eg, mesodermal progenitor cells, 
hematopoietic progenitor cells, and endothelial progenitor 
cells. In several animal infarction models it has been shown 
that: (I) Bone marrow hemangioblasts contribute to the 
formation of new vessels; (2) bone marrow hematopoietic 
stem cells differentiate into cardiomyocytes, endothelium, 

TABLE 3. Cardiac Function Analysis at 3-Month Follow-Up 





Before Cell 


3 Months After 






Therapy 


Ceil Therapy 


P 


No. of patients 


10 


10 




Hemodynamic data 








LV ejection fraction, % 


51±14 


53±13 


NS 


Stroke volume index, mL/m 2 


49±7 


56±7 


0.010 


Cardiac geometry 








LV end-diastolic volume, mL 


158±20 


143±30 


NS 


LV end-systolic volume, mL 


82i26 


67±21 


0.011 


Contractility indices 








Circumferential fiber shortening, 


20.5±4.2 


24.4±7.7 


NS 


mm/s 








PWESV, mm Hg/mL 


1.81 ±1.44 


2.27±1.72 


0.005 


Infarct region as perfusion defect 








^Thallium scintigraphy, cm 2 


174±99 


128±71 


0.016 



NS indicates not significant. 
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and smooth muscle cells"--'; (3) BMCs give rise to mesoder- 
mal progenitor cells that differentiate to endothelial cells 1 "- 
and (4) endothelial progenitors can transdifferentiate into 
beating cardiomyocytes." Thus, several different fractions of 
mononuclear BMCs may contribute to the regeneration of 
necrotic myocardium and vessels. Fn order to utilize this large 
and perhaps heterogeneous regenerative potential, we decided 
io use all mononuclear cells from the bone marrow aspirate as 
a whole, rather than a subpopulation. No further expansion 
was performed because experimental data have revealed a 
dramatic decl.ne in the homing capacity of in vitro amplified 
hematopoietic stem or progenitor cells. 30 

The second question was how to deliver the cells most 
efficiently. When given intravenously, only a very small fraction 
or infused cells can reach the infarct region after the following 
injection: assum.ng a nonnal coronary blood flow of 80 mL/min 
per 100 g of LV weight, a quantity of 160 mL per left ventricle 
(assum.ng a regular LV mass of ~200 g) will flow per 
m,nute.>'." Tins corresponds to only about 3% of cardiac output 
(assum.ng a cardiac output of 5000 mL/min)." Therefore 
•ntravenous application would require many circulation passages' 
to enable infused cells to come into contact with the infarct- 
related artery. Throughout this long circulation and recirculation 
lime, homing of cells to other organs could considerably reduce 
the numbers of cells dedicated to cell repair in the infarcted zone 
Thus, supplying the entire complement of cells by intracoronary 
adminntrauon obviously seems to be advantageous for the tissue 
repa,r of infarcted heart muscle and may also be superior to 
intraventricular injection." because all cells are able to flow 
through the infarcted and peri-infarcted tissue during the imme- 
diate first passage. Accordingly, by this intracoronary procedure 
the mfarc. tissue and the peri-infarct zone can be enriched with 
the maximum available amount of cells at all times 

As stem cells differentiate into more mature types of progen- 
itor cells, it is though, that a special microenvironment in 
so-called niches regulates cell activity by providing specific 
combinations of cytokines and by establishing direct cellular 
contact. For successful long-term engraftment, at least some 
stem cells have to reach their niches, a process referred to as 
homing. Mouse experiments have shown that significant num- 
bers of BMCs appear in liver, spleen, and bone marrow after 
intravenous injection." To offer the BMCs the best chance of 
finding their n.che within the myocardium, a selective intracor- 
onary delivery route was chosea Presurnab , V( theref f 
cells were lost by extraction toward organs of secondary interest 
by this firs, pass-like effect. To facilitate transendothelial pas- 
sage a „d migration into the infarcted zone, cells were infused by 
high-pressure injection directly into the necrotic area, and the 
balloon was kept inflated for 2 to 3 minutes; the cells were no. 
washed away immediately under these conditions 

The time point for delivery was chosen as 7 to 8 days after 
infarction onset for the following reasons: 

(I) In dogs, infarcted territory becomes rich in capillaries 
and conta.ns enlarged, pericyte-poor "mother vessels" 
and endothelial bridges 7 days after myocardial ische- 
mia and reperfusion. Twenty-eight days later, a signif- 
icant muscular vessel wall has already formed." Thus 
with such timing, cells may be able to reach the worst 



damaged parts and at the same time salvage tissue. 
Transendothelial cell migration may also be enhanced 
because an adequate muscular coal is no. yet formed. 

(2) Until now, only one animal study has attempted to 
determine the optimum time for cardiomyocyte trans- 
plantation to maximize myocardial function after LV 
injury. Adult rat hearts were cryoinjured and fetal rat 
cardiomyocytes were transplanted immedia.ely, 2 
weeks later, and 4 weeks later. The authors discussed 
the inflammatory process, which is strongest in the 
first days after infarction, as being responsible for the 
negative results after immediate cell transplantation, 
and they assumed that the best results seen after 2 
weeks may have been due to transplantation before 
scar expansion." Until now, however, no systematic 
experiments have been performed with BMCs to cor- 
relate the results of transplantation with the length of 
such a time delay. 

(3) Another important variable is the inflammatory response 
in MI, which seems to be a superbly orchestrated inter- 
action of cells, cytokines, growth factors and extracellular 
matrix proteins mediating myocardial repair. In the first 
48 hours, debridement and formation of a fibrin-based 
provisional matrix predominates before a healing phase 
ensues."-"" Moreover, vascular endothelial growth factor 
is at its peak concentration 7 days after MI, and the 
decline of adhesion molecules (intercellular adhesion 
molecules, vascular cell adhesion molecules) does not 
take place before days 3 to 4 after MI. We assumed that 
transplantation of mononuclear BMCs within the "hot- 
phase of post-MI inflammation might lead them to take 
part in the inflammation cascade rather than the formation 
of functional myocardium and vessels. 

Taking all of this into account, we can conclude that cell 
transplantation within the first 5 days after acute infarction is not 
possible for logistical reasons and is not advisable because of the 
inflammatory process. On the other hand, transplantation 2 
weeks after infarction scar formation seems to reduce the benefit 
of cell transplantation. Although the ideal time point for trans- 
plantation remains to be defined, it is most likely between days 
7 and 14 after the onset of MI, as in the present study 

This trial was designed as a phase I safety and feasibility trial, 
meaning that no control group is necessarily required. However 
to validate the results, we correlated them with those obtained 
from 10 patterns who refused to get additional cell therapy and 
thus received standard therapy alone. We are aware of the fact 
that such a comparison does no. reach the power of a randomly 
allocated, blinded control group. However, die significant im- 
provemen. with regard to infarct region, hemodynamics (stroke 
volume index), cardiac geometry (LV end-sys.olic volume) and 
contractility (P lyl /ESV and infarction wall movement velocity) 
did confinn a positive effect of the additional cell therapy 
because .he changes observed in the standard therapy group 
failed to reach significance. V 
Another important factor for interpreting the results is time 
interval between onset of symptoms and revascularization of the 
infarct-related artery by angioplasty; this represents a crucial 
determinant of LV recovery. For patients with acute MI it has 
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been shown that if the time interval is >4 hours, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy/ 1 None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
I2± 10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mi!d and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data. 41 In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters, 
which may be attributed to BMC-mediated coronary angioneogen- 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs, 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist, 
and no side effects were observed at any point of time. The 
therapeutic benefit for the patient's heart seems to prevail. 
However, further experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute MI 
in humans. 
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SERIAL NO.: 09/836,750 
FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 
GROUP ART UNIT: 1646 



SUPPLEMENT AL DECLARATION OF RICHARD HEUSER. MTV 

I, Richard Heuser, declare as follows: 

1 . I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 8501 3. 

2. This Supplemental Declaration is submitted in addition to my previously 
submitted Declaration in this application, dated June 5, 2003, and makes no 
changes to such previous Declaration. 

3. My Curriculum Vitae is attached as Exhibit A to my previous Declaration. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as read and understood 
by me in my previous Declaration. A copy of such disclosures is attached hereto 
as Supplemental Exhibit A. 
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5 . I note that the disclosures referenced in above Paragraph 4 relate to using a 
growth factor for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a 
human heart by growing new muscle in the heart. 

6. I have read and understood the claims set forth in Supplemental Exhibit B and 
have been informed that such claims will be presented to the Patent and 
Trademark Office in the near future. 

7. Based upon above Paragraphs 4-6 and Paragraph 7 of my previous Declaration, it 
is my opinion that introducing a growth factor into a human patient will 
predictably cause new muscle growth in the heart of the patient. 



8. 



Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in such paragraphs, would be able to practice the 
method set forth in Supplemental Exhibit B without need for resorting to undue 
experimentation. I have been informed that the Examiner has questioned the fact 
that dosages are not recited in the specification of the above-identified application 
in connection with the administration of cell growth factors to a human patient 
with use of intravenous or intraluminal techniques. Such techniques are the 
subject of claims 248-249 in above-mentioned Supplemental Exhibit B. In my 
opinion, dosages of cellular growth factors to achieve the above-mentioned heart 
muscle growth are a matter of routine medical practice, requiring only a 
reasonable degree of experimentation, depending upon such factors as extent of 
prior heart condition, size of patient, age of patient, health of patient, etc. 
Consequently, it is my opinion that the disclosure mentioned in Supplemental 
Exhibit A would enable a person skilled in the medical arts to practice the 
invention of claims 248-249 and predictably anticipate the results defined therein 
without need for resorting to undue experimentation. 
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9. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made . 
information and belief are believed to be true. 



Further Declarant sayeth not. 
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SUPPLEMENTAL EXHIBIT A 

DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 



PAGE 20. LINE 10 - PAGE 21. LINE 1 5 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a.b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 

-Al - 



by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 44. LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient cultures), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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SUPPLEMENTAL EXHIBIT B 
CLAIMS 

APPLICATION SERIAL NO. 09/836,750 

236. A method of growing a new portion of a pre-existing heart comprising the steps of 
Placing a growth factor in a body of a human patient and growing new muscle and 
growing a new artery in said heart. 



240. 



238. The method of Cain, 236, further comprising repairing a dead ponion ofsaid 

heart. 

239. The method of claim 236, further comprising repairing a damaged portion ofsaid 

heart. 

The method of Cairn 236, wherein said growth factor comprises genetic materia! 
selected from the group consisting of a portion of a gene, a gene, a gene product, 

and an extracellular matrix. 

The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 



241. 
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247. The method of claim 236, wherein said growth factor is placed in said patient by 

injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 

251. The method of claim 236, wherein said growth factor is placed in said patient by , 



carrier. 



252. The method of claim 25 1 , wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 
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Docket No. 1000-10-COI 
SECOND SUPPL HEUSER DECLARATION 



IN' THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: .lames P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17, 2001 

FOR: METHOD FOR GROWING 

MUSCLE fN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 



GROUP ART UNIT: 1646 



SECOND SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M.D.. F.A.C.C.. F.A.C.P. 



I, Richard Heuser, declare as follows: 



1. I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 85013. 



This Second Supplemental Declaration is submitted in addition to my previous 
Declaration, dated June 5, 2003 and my Supplemental Declaration dated February 4, 
2004. No changes are made to either of such previous Declarations. 



My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my Declaration of 
June 5, 2003. 



4. It is my understanding that the Examiner in charge of the above-identified patent 
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application, in an Office Action dated June 1, 2004 for related patent application Serial 
No. 09/794,456, questioned my qualification, for the first time, to render my previous 
opinions mentioned in above Paragraph 2. It is my further understanding that the basis 
for such questioning was that the Examiner noted that I did not report experience with 
cellular therapy. I desire to provide the information contained in following paragraph 5 
so that the Examiner can consider such information in this application, as well. 

5. I am currently Director of Cardiovascular Research at St. Joseph's Hospital and Medicine 
Center, and I serve as Clinical Professor of Medicine at University of Arizona College of 
Medicine. Over the past six years, I have worked in gene therapy, as well as muscle 
regeneration for the treatment of cardiomyopathy. 

In my CV, you will note reference to work that was done with Sulzer Medical involving a 
rabbit hind limb model to stimulate peripheral vascular disease. I injected a growth 
mixture that included FGF, etc. into the hind limb model. 

In my U.S. Patent No. 6,190,379 entitled "Hot Tip Catheter," I developed a technique to 
deliver radiofrequency (PMR). In the full embodiment of the patent, I discuss delivery of 
protein and/or muscle cells in the myocardium using the inventive technique. 

I have been involved as a member of the scientific advisory board with the world leader 
in cardiomyocyte regeneration, Bioheart, Miami Lakes, Florida. This company has been 
involved with laboratory and clinical trials using skeletal muscle cultured and modified. 
The sample is then delivered into the myocardium via a surgical or catheter approach. 

6. I have read and understood the disclosures of the above-referenced patent application at 
page 20, line 10 through page 21, line 17; and page 44, line 19 through page 46, line 16. 
Such disclosures are the same as 1 read and understood in my previous Declaration and 
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Supplemental Declaration. A copy of such disclosures is attached hereto as Second 
Supplemental Declaration Exhibit A. 



7. I note that the disclosures referenced in above Paragraph 6 relate to using a growth factor 
for promoting the growth of soft tissue and, more specifically, to a method which may 
use such growth factors for growing a new portion of a human heart by growing new 
cardiac muscle in the heart. 

8. I have read and understood the claims set forth in Second Supplemental Declaration 
Exhibit 11 and have been informed that such claims are currently presented in this 
application. 

9. Based upon above Paragraphs 6-8, it is my opinion that one skilled in the medical arts, 
armed with the knowledge in such paragraphs, would be enabled to practice the method 
set forth in Second Supplemental Declaration Exhibit B and to predictably anticipate the 
results defined therein without need for resorting to undue experimentation. 

10. I believe that one skilled in the medical arts, upon reading the disclosures in above , such 
as multifactorial and non-specific cells.Paragraph 6, would understand that cellular 
growth factors are included in such disclosures. Moreover, such skilled person would 
understand the disclosure on page 45 to be authored as an illustration of various modes of 
delivery of growth factors, whether they are genes or other genetic material; and that such 
skilled person would further understand that the disclosures on pages 45 and 46 describe 
genetic material to include appropriate cells and genes. 
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1 1 . Declarant states that the above opinion was reached independently. 

Declarant understands that (I) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of 
the application or any patent issuing thereon, and (2) that all statements made of Declarant's own 
knowledge are true and that all statements made on information and belief are believed to be 
true. 

Further Declarant sayeth not. 
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SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20. LINE 10 - PAGE 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesod ermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(lL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-i OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
earners which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
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other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
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connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 



-A3 - 



heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT B 



CLAIMS 

APPLICATION SERIAL NO. 09/836,750 



236. A method of growing a new portion of a pre-existing heart comprising the steps of 
placing a growth factor in a body of a human patient and growing new cardiac 
muscle and growing a new artery in said heart. 

238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 

239. The method of claim 236, further comprising repairing a damaged portion of said 
heart. 

240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

241. The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 



- Bl - 



247. The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 

251. The method of claim 236, wherein said growth factor is placed in said patient by a 
carrier. 

252. The method of claim 251, wherein said earner comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 

254. A method of growing a new portion of a pre-existing organ comprising placing a 
growth factor in a body of a patient to grow new muscle in said organ. 

255. The method of claim 254, wherein said organ comprises a heart. 

256. The method of claim 255, wherein said new muscle comprises cardiac muscle and 
said growth factor comprises a stem cell. 
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3 Supplemental Declaration of Dr. Heuser 
cited by Appellant as Exhibit I in the Appeal Brief 

filed June 13, 2005 



Appellant's Appeal Brief 
Evidence Appendix 
May 27, 2009 



Docket No. 1000-10-CO! 
THIRD SUPPL HEUSER DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 
GROUP ART UNIT: 1646 



THIRD SUPPLEMENTAL DECLARATION 
OF RICHARD HEUS ER. M.D.. F.A.C.C.. F.A.C.P. 

I, Richard Heuser, declare as follows: 

1 . I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 850 1 3. 

2. This Third Supplemental Declaration is submitted in addition to my previous Declaration, 
dated June 5, 2003; my Supplemental Declaration dated February 4, 2004; and my 
Second Supplemental Declaration dated July 18, 2004. No changes are made to any of 
such previous Declarations. 

3. My Curriculum Vitae is attached as Exhibit A to my Declaration of June 5, 2003. 

4. It is my understanding that the Examiner in charge of the above-identified patent 
application is also in the Examiner in charge of co-pending patent application Serial No. 
09/794,456. In an Advisory Action dated November 26, 2004, for aforesaid Serial No. 
09/794456, the Examiner further questioned my qualification to render my opinions in 
the three previous Declarations mentioned in above Paragraph 2. It is my further 

I 
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5. 



understanding tha, the Examiner reviewed my U.S. Paten, No. 6..90.379 and did no, find 
me„,,on of delivery of any substance to the myocardium nor ,he word "cell ■• Also ,„e 
Exammer questioned my role in the cell delivery portion of BiohearTs laboratory'and 
chntcal trials using skeletal muscle cu.tured and modified. 1 provide the following 
information to respond to the Examiner's newly raised questions. 

Regarding, U.S. Paten. No. 6,,90,379, the following is s , ated in my Second 
Supplemental Declaration: 

In my U.S. Patent No. 6,190,379 entitled "Hot Tip Catheter" I 
developed a technique to deliver radiofrequency (PMR). In 'the 
full embodiment of the patent, I discuss delivery of protein and/or 
muscle cells m the myocardium using the inventive technique. 

By the above statement, I meant that the device shown in the patent has been used for the 
dehvery of protein and/or muscle cells to the myocardium. At a presentation at the 
Anagenesis Meeting in 1999 in Washington, D.C., we described this use of growth 
factors in a pig model with the development of neo vascularization. Moreover I have 
had discussions with Bioheart regarding the use of my U.S. Patent No. 6,190,379 for 
delivery of cells. 



Regarding my work at Bioheart, the following is stated in my Second Supplemental 
Declaration: 



I have been involved as a member of the scientific advisory board 
with the world leader in cardiomyocyte regeneration, Bioheart 
Miami Lakes, Florida. This company has been involved with 
laboratory and clinical trials using skeletal muscle cultured and 
modified. The sample is then delivered into the myocardium via a 
surgical or catheter approach. 

To provide further information regarding the Examiner's questioning my involvement 
with Bioheart, I am a Scientific Advisory Board Member and in such role advise Bioheart 
throughout its preclinical and clinical work involving the delivery of skeletal muscle 
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ceils into ,he myocardium. I am also an investigator wi,h Biohearfs Phase 3 cli ■ , 
•nals ,„ ,he United States. Such Wals have not ye| c _ ed 

6- Declarant states that the above opinion was reached independently. 
— 8 e are tme and tha, a„ stents made on Nation and 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD AND APPARATUS 
FOR INSTALLATION OF 
DENTAL IMPLANT 



EXAMINER: E.C. Kemmerer, Ph.D. 



GROUP ART UNIT: 1646 



DECLARATION OF ANDREW E. LORINCZ. MP. 

I, Andrew E. Lorincz, declare as follows: 

1 . I reside at 3628 Belle Meade Way, Mountain Brook, Alabama 35223. 

2. My Curriculum Vitae is attached hereto as Exhibit A. 

3. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 
19 through page 46, line 16. A copy of such disclosures is attached hereto 
as Exhibit B. 



I note that the disclosures referenced in above Paragraph 3 relate to using 
a growth factor for promoting the growth of soft tissue and, more 
specifically, to a method of using a growth factor for growing muscle in a 
human heart. 
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5. 



6. 



7. 



8. 
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I am aware of and have considered the definition of growth factor in the 
specification of the above-referenced patent application at page 20, line 10 
through page 21, line 15. Such definition is set forth in Exhibit C along 
with a definition from the medical dictionary, MEDLINE plus: Merriam- 
Webster Medical Dictionary. A service of the U.S. NATIONAL 
LIBRARY OF MEDICINE and the NATIONAL INSTITUTES OF 
HEALTH. I find that the dictionary definition is consistent with that 
contained at page 20, line 10 through page 21, line 15 of the above- 
referenced patent application. I believe that both definitions are 
appropriate for use in the field of tissue growth and would be understood 
by one skilled in the medical arts. Accordingly, I am adopting and 
utilizing the definition contained in the patent application throughout this 
declaration. 

I have read and understood the claims set forth in Exhibit D and have been 
informed that such claims will be presented to the Patent and Trademark 
Office in the near future. 

The materials included in attached Exhibit E illustrate that placement of a 
growth factor in a human patient causes muscle growth in a heart. These 
materials report work performed by reputable, skilled scientists and 
reputable organizations in the medical arts. Consequently, I believe that 
these reports would be recognized as clearly valid by one of ordinary skill 
in the medical arts because they report the results of scientific tests 
conducted by competent, disinterested third parties with use of proper 
scientific controls. 



a 



Based upon above Paragraphs 3-7, it is my opinion that introducing 
growth factor into a human patient will predictably cause new muscle 
growth in the heart of the patient. 
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9. 



Based upon above Paragraphs 3-6, it is my opinion that one skilled in the 



medical arts, armed with the knowledge in such paragraphs, would be able 
to practice the method set forth in Exhibit D without need for resorting to 
undue experimentation. 

1 0. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 





Andrew E. Lorincz 
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PAGE 20. LI NE 10 - PAGF. 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 44. LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient cultures), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminal ly, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this examp,e, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessa^ to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene( S ) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

. A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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EXHIBIT C 
DEFINITIONS 



PAGE 20. LI NE 10 - PAr.F, 21. LINK IS 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EOF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



MEDLINE PLUS: MERRIAM-WEBSTER MEDICAL DICTIONARY 
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Growth factor: a substance (as a vitamin B ]2 or an interleukin) 
that promotes growth and especially cellular growth 
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EXHIBIT D 
CLAIMS 



ClaimX: A method for growing a new portion of a pre-existing 
heart comprising the steps of: placing a growth factor in a body of a 
human patient and growing new muscle in said heart. 
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Clinical Investigation and Reports 



Repair of Infarcted Myocardium by Autologous 
Intracoronary Mononuclear Bone Marrow Cell 
Transplantation in Humans 

Methods and Results— Aficr standard ,h»rJ V ? addition lo standard therapy after Ml. 

BMCs via a ba.,oon cafhete^ d L^SS ^'^T r nSPlamed aU,0 '°^ S ~ 
coronary angioplasty). Another 10 pat en* whh a ^me M. ^ r^ 31100 " di ' a,ati ° n <P ercuta - OUS 'ranslumina. 
follow-up. the infarct region (determined S/S venlu oZhlTn ^ ^ ^"^^ ,h<!rapy 8,0nc - After 3 «*>»■"« of 
group (from 30± 13 to li±7%, />= 0 005) and wala If"^ si 8 niflcan,| y w '^in the cell therapy 

(/-0.04). Likewise, infarction J^^m!l^£XS^ TT"^* ^ Standard ^ 
2.0+1.1 to4.0±2.6 cm/s P=0 028^ FurthTr nl^ y '"gnificantly only in the cell therapy group (from 

Kcv Word. „• . ■ , regenerat IOn and neovascularization. {Circulation. 2002;106:1913-1918.) 

jc^,,^,^.^,,,,^ jntracoron ^ m angjogenesis _ ^ ^ _ 



p emodehng of .he left ventricle after myocardial infaro 
AViion (MI) represents a major cause of infarct-relaled 
heart fa.lure and death. This process depends on acute and 
chrome transformation of both the necrotic infarct region and 
■he non-necrotic. peri-infarc. .issue.'.' Despite application of 
pharmaco.herapeu.ics and mechanical interventions, (he car- 
d.omyocytes lost during MI cannot be regenerated. The 
recent find.ng that a small population of cardiac muscle cells 
-s able to replica.e i.self is encouraging but is still consistent 
with the concept that such regenera.ion is restricted to viable 
myocardium. 1 

In animal experiments, attempts to replace the- necrotic 
zone by transplanting other cells (eg. fetal cardiomyocy.es or 
skeletal myoblasts) have invariably succeeded in reconstitut- 
ing hear, muscle structures, ie, myocardium and coronary 
vessels.However, these cells fail to integrate structurally and 
do no. d.splay characteristic physiological functions.-' An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow- derived cells Bone 



marrow contains multipotcnl adult stem cells thai show a high 
capacity for differentiation.*- Experiment studies have 
shown .hat bone marrow cells (BMCs) are capable of 
regenerating infarcted myocardium and inducing myogenesis 
and ang.ogenesis; this leads in turn to amelioration of cardiac 
function m mice and pigs ...-.« However, procedures based on 
this phenomenon remain largely uninvestigated in a human 
clinical setting. 

An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of contraction 
and viab.hty 5 months afterward - Autologous mononuclear 
BMCs transplanted ,n a similar surgical setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
patients and no change in 2 patients." However, such studies 
enta.l a surgical approach and are therefore associa.ed with 
well-known perioperative risks. Moreover, this surgical pro- 
cedure cannot be used with Ml. We therefore looked for a 
nonsurgical, safer mode for transplanting autologous cells 
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Syringe containing 
adult stem cells 



figure 1. Procedure of cell transplantation Into 
infarcted myocardium in humans, a, The bal- 
loon catheter enters the Infarct-related artery 
and Is placed above the border zone of the 
infarction. It is then inflated and the cell sus- 
pension Is infused at high pressure under stop- 
flow conditions, b, In this way, cells are trans- 
planted into the Infarcted zone via the infarct- 
re ated vasculature (red dots). Cells infiltrate the 
infarcted zone. Blue arid white arrows suggest 
the possible route of migration, c, A supply of 
blood flow exists within the infarcted zone " 
The cells are therefore able to reach both the 
border and the infarcted zone. 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after3 and 6 months of fol low-up." 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation. All 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n=4), left circumflex coronary artery 
(n-3), or right coronary artery (n=*!3). Mean duration of infarct 
pain was I2±10 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after infarction, 
cardiac shock, severe comorbidity, alcohol or drug dependency, or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography, 
and left ventriculography, mechanical treatment was initiated with 
recanalization of the infarct-related artery by balloon angioplasty 
(n=20) and subsequent stent implantation (n= 19). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group. 

All 20 patients were briefed in detail about the procedure of BMC 
transplantation. Informed consent was obtained from 10 patients, 
who formed the cell therapy group, whereas 10 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Heinrich-Heine-University, DOsseldorf, approved the study 
protocol. All procedures conformed to institutional guidelines. 

Before taking part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acetylsalicyiic acid, 
an ACE inhibitor, a /3-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
(-40 mL) was aspirated under local anesthesia from ilium of cell 
therapy patients (n« 10). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (Bio Whit- 
taker) before the erythrocytes were lysed with HjO. For overnight 



cultivation, IX 10* BMCs/mL were placed in Teflon bags (Vuelife 
Cell Genix) and cultivated in X-Vivo 15 Medium (BioWhittaker) 
supplemented with 2% heat-inactivated autologous plasma. The next 
day, BMCs were harvested and washed 3 times with heparinized 
final nsns V™ siQn in heparinized saline. Viability was 
93±3/o. Heparinization and filtration (cell strainer, FALCON) was 
carried out to prevent cell clotting and microembolization during 
intracoronary transplantation. The mean number of mononuclear 
cells harvested after overnight culture was 2.8X I0 7 ; this consisted of 
0.65 ±0.4% AC133-positive cells and 2.1 ±0.28% CD34-positive 
cells. All microbiological tests of the clinically used cell preparations 
proved negative. As a viability and quality ex vivo control, IX 10* 
cells grown in H5100 medium (Stem Cell Technology) were found 
to be able to generate mesenchymal cells in culture. 

Intracoronary Transplantation of BMCs 

Five to nine days after onset of acute infarction, cells were directly 
transplanted into the infarcted zone (Figure 1). This was accom- 
plished with the use of a balloon catheter, which was placed within 
the infarct-related artery. After exact positioning of the balloon at the 
site of the former infarct-vessel occlusion, percutaneous transluminal 
coronary angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 
minutes each. During this time, intracoronary cell transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 1.5 to 4XI0 6 mononuclear cells. PTCA thoroughly pre- 
vented the backflow of cells and at the same time produced a 
stop-flow beyond the site of the balloon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus, pro- 
longed contact time for cellular migration was allowed. 18 

Functional Assessment of Hemodynamics 

After 3 months, all 20 patients were followed up by left heart 
catheterization, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens). To quantify infarction wall movement velocity, 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dyskinetic segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centerline method according to Sheehan was used." Ail 
hemodynamic investigations were obtained by two independent 
observers. 

In the cell therapy group before and 3 months after cell transplan- 
tation, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobutamine stress echocardiography, 
radionuclide ventriculography, catheterization of the right heart, and 
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Clinical Data 

Characteristics ' ' " — 

No. of patients 
Age, y 
Sex 

Onset of infarction before angioplasty, h 
Coronary angiography 
No. of diseased vessels 

No. of patients with UD/LCX/RCA as the affected vessel 
No. of patients with stent Implantation 
Laboratory parameters 
Creatinine kinase, U/L 
Creatinine kinase-MB, U/L 
Bone marrow puncture after angioplasty, d 
Mononuclear bone marrow cells, n (X10 7 ) 



Celt 
Therapy 


Standard 
Therapy 


P 


10 


10 




49±10 


50±6 


NS 


Male 


Male 




10*8 


13±11 


NS 


1.7 ±0.9 


2.1 ±07 


NS 


4/1/5 


0/2/8 




9 


10 




1138±1170 


1308* 1187 


NS 


106±72 


124±92 


NS 


7±2 






2.8±2.2 







Values are mean±SD or number of patients 



siress-red.s.nbut.on.reinjection "'thallium scintigraphy. The con- 
imcuhty index P.^/ESV was calculated by dividing LV svs'oI 
pressure (P ) by end-sys.olic volume (ESV). Person defec was 

w rS2d SC,n ' ,g ? PhiC bU "' S - eye ' eChni< > Ue - Each « a « 
was performed according to standard protocols 

There were no complications or side effects determined in any 

pa hen. throughout the diagnostic or therapeutic procedure or within 

(he 3-month follow-up period. 

Statistical Analysis 

All da.a arc presented as mean+SD. Statistical significance was 
ZTIJ^ P W " S <0 ° 5 ' DiSCre,e va,iab, « were cornSa ed a 
omp.ni M 0 7£7^ WCre m r ade by 8na| y sis - ""^-individual 
comparison of baseline versus follow-up continuous variables was 
performed w„h a paired , test. Comparison of nonparamet c da 

M 1 w , C ,W ° 8r c PS WSS performed wi,h Wil "*«" «. and 
Mann-Whnney test. Statistical analysis was performed with SPSS 
for Windows (version 10. 1). penormeo with SPSS 

Results 

Clinical data between the two groups did not differ signifi- 
cantly. The range of creatinine kinase levels was slightly but 
not significantly higher in the standard therapy group than it 
was in the cell therapy group (Table I). 

Comparison of the 2 groups 3 months after cell or standard 
therapy showed several significant differences in LV dynam- 
>cs, according to the global and regional analysis of left 
ventriculogram. The infarct region as a percentage of hypo- 
kinetic akinetic, or dyskinetic segments of the circumference 
of the left ventricle decreased significantly in the cell therapy 
group (from 30*13 to 12±7%, 7>=0.005). It was also 
significantly smaller compared with the standard therapy 
group after 3 months (P-0.04). Within the standard therapy 
group, only a statistically nonsignificant decrease from 25+8 
to 20+ 1 1% could be seen. Wall movement velocity over the 
infarct reg.on rose significantly in the cell therapy rtoud 
(from 2.0+1.1 « 0 4.0+2.6 cm/s. />=0.028) but not in the 
standard therapy group (from 1,8+1.3 to 2.3*1.6 cm/s, 
P-NS). No significant difference was observed between the 



two groups. Ejection fraction increased in both groups albeit 
nonsign.ficantly (from 57 + 8 to 62+10% in the cell therapy 
group and from 60±7 to 64 + 7% in the standard therapy 
group) (Table 2). vy 
Further significant improvement could also be seen on 
addtt.onal analysis of the cell therapy group alone. Perfusion 
defect was considerably decreased by 26% in the cell therapy 
group (from 174+99 to 128+71 cm', />=0.0I6. assessed by 
; thaHnim scintigraphy) (Figure 2). Parallel to the reduction 
m perfusion defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49+7 to 56 + 7 mL/m'. />=0.0l0) 
and ejection fraction (from 51 + 14 to 53±I3% 
/ , =NS). 

(2) Cardiac geometry, as shown by decreases in both 
end-dtastolic (from 158+20 to I43±30 mL, P=NS) 
and end-systolic volume (from 82 + 26 to 67+21 mL, 
P=0.0l I). Radionuclide ventriculography was used to 
acquire the data. 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20 5+4 2 to 
24.4+7.7 mm/s. /»=NS, assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 
systolic pressure to end-systolic volume (from 
1.81 ±1.44 to 2.27±l.72 mm Hg/mL, P=0.005). 

Discussion 

The present report describes the first clinical trial of intracor- 
onary, autologous, mononuclear BMC transplantation for 
improving heart function and myocardial perfusion in pa- 
lients after acute MI. The results demonstrate that trans- 
planted autologous B MCs may lead to repair of infarc.ed 
tissue when applied during the immediate postinfarction 

period. These results also show that the iniracoronary ap . 
proach of BMC transplantation seems to represent a novel 
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TABLE 2. Comparison of Cell Therapy and Standard Therapy Groups 





Cell 
Therapy 


Standard 
Therapy 


P 


No. of patients 


10 


10 




Infarct region as functional defect 








Hypokinetic, akinetic, or dyskinetic region at 0 mo. % 


30±13 


25±8 


NS 


Hypokinetic, akinetic, or dyskinetic region at 3 mo. % 


12±7 


20 ±11 


0.04 


P 


0.005 


NS 


... 


Contractility indices 








Infarction wall movement velocity at 0 mo, cm/s 


2.0±1.1 


1.8*1.3 


NS 


Infarction wall movement velocity at 3 mo, cm/s 


4.0±2.6 


2,3 ±1.6 


NS 


P 


0.028 


NS 




Hemodynamic data 








LV ejection traction at 0 mo, % 


57±8 


60±7 


NS 


LV ejection fraction at 3 mo, % 


62±10 


64±7 


NS 


P 


NS 


NS 





NS Indicates not significant; 0 mo, zero months, which means the time of infarction; 3 mo, 3 
months, which means the time of the follow-up examinations. All data were obtained according to 
analysis of left ventriculogram. 



and effective therapeutic procedure for concentrating and/or 
depositing infused cells within the region of interest. 

Neogenesis of both cardiomyocytes and coronary capillar- 
ies with some functional improvement has been shown 
recently by several investigators using bone marrow- derived 
cells in experimental infarction. "- ,4 ' 18 * 20 - 23 Moreover, trans- 
endothelial migration from the coronary capillaries and in- 
corporation of cells into heart muscle has been observed 
experimentally. 3 ' 12 ' 24 - 26 Until now, clinical data only existed 
for the cell therapy of surgically treated chronic ischemic 
heart disease. 15 - 16 Our aim was to transform the encouraging 
results from animal models to a safe clinical setting. The most 
crucial questions we had to address while designing and 




Figure 2. Improved myocardial perfusion of infarcted anterior 
wall 3 months after intracoronary cell transplantation subse- 
quent to an acute anterior wall Infarction detected by "'thallium 
scintigraphy. The images on the left (A, D, sagittal) and In the 
middle (B, E) show the long axis, whereas those on the right (C, 
F, frontal) show the short axis of the heart. Initially the anterior 
wall, with green-colored apical and anterior regions, had 
reduced myocardial perfusion (A, B, C). Three months after cell 
transplantation the same anterior wall, now yellow in color, 
revealed a significant improvement In myocardial perfusion (D, 
E, F). All illustrations depict the exercise phase. 



realizing this trial were: (I) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown that 
environmentally dictated changes of fate (transdetermination) 
are not restricted to stem cells but may also involve progen- 
itor cells at different steps of a given differentiation pathway 
(transdifferentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases. 27 Adult, mononuclear BMCs contain such stem and 
progenitor cells (^1%), eg, mesodermal progenitor cells, 
hematopoietic progenitor cells, and endothelial progenitor 
cells. In several animal infarction models it has been shown 
that; (1) Bone marrow hemangioblasts contribute to the 
formation of new vessels; (2) bone marrow hematopoietic 
stem cells differentiate into cardiomyocytes, endothelium, 

TABLE 3. Cardiac Function Analysis at 3-Month Follow-Up 





Before Cell 
Therapy 


3 Months After 
Cell Therapy 


P 


No. of patients 


10 


10 




Hemodynamic data 








LV ejection fraction, % 


51±14 


53±13 


NS 


Stroke volume Index, mL/m 2 


49±7 


56±7 


0.010 


Cardiac geometry 








LV end-dlastolic volume, mL 


158±20 


143±30 


NS 


LV end-systotlc volume, mL 


82 ±26 


67±21 


0.011 


Contractility indices 








Circumferential fiber shortening, 


20.5±4.2 


24.4±7.7 


NS 


mm/s 








P^/ESV, mm Hg/mL 


1.81 ±1.44 


2.27 ±1,72 


0.005 


infarct region as perfusion defect 








w1 Thalllum scintigraphy, cm 2 


174±99 


128*71 


0.016 



NS indicates not significant. 
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and smooth muscle cells'-"; (3) BMCs give rise to mesoder- 
mal progen.ior cells (hat differentiate «o endothelial cells"- 
and (4) endothelial progenitors can transdifTerentiate into 
beating card.omyocytes." Thus, several different fractions of 
mononuclear BMCs may contribute to the regeneration of 
necrotic myocardium and vessels. In order to utilize this large 
and perhaps heterogeneous regenerative potential, we decided 
to use all mononuclear cells from the bone marrow aspirate as 
a whole rather than a subpopulation. No further expansion 
was performed because experimental data have revealed a 
dramat.c decline in the homing capacity of in vitro amplified 
hematopoietic stem or progenitor cells. 30 

The second question was how to deliver the cells most 
emc.en.ly. When given intravenously, only a very small fraction 
of infused cells can reach the infarct region after the following 
injection: assuming a nonml coronary blood now of 80 mLrniin 
per 100 g of LV weight, a quantity of 160 mL per left ventricle 
(assuming a regular LV mass of -200 g) will flow per 
minute."" Tins corresponds to only about 3% of cardiac output 
(assuming a cardiac output of 5000 mL/min)." Therefore 
intravenous application would require many circulation passages 
to enable infused cells to come into contact with the infaret- 
rela.ed artery. Throughout this long circulation and recirculation 
time, homing of cells to other organs could considerably reduce 
the numbe* of cells dedicated to cell repair in the infarcted zone 
Thus, supplying the entire complement of cells by intracoronary 
administration obviously seems to be advantageous for the tissue 
repair of infarcted heart muscle and may also be superior to 
intraventricular injection." because all cells are able to flow 
through the infarcted and peri-infarcted tissue during the imme- 
diate first passage. Accordingly, by this intracoronary procedure 
the infarct tissue and the peri-infarct zone can be enriched with 
the maximum available amount of cells at all times. 

As stem cells differentiate into more mature types of progen- 
itor cells, it is thought that a special microenvironmcnt in 
so-called niches regulates cell activity by providing specific 
combinations of cytokines and by establishing direct cellular 
contact. For successful long-term engraftment, at least some 
stem cells have to reach their niches, a process referred to as 
homing. Mouse experiments have shown that significant num- 
bers of BMCs appear in liver, spleen, and bone marrow after 
intravenous injection.'" To offer the BMCs the best chance of 
finding their niche within the myocardium, a selective intracor- 
onary delivery route was chosen. Presumably, therefore, fewer 
cells were lost by extraction toward organs of secondary interest 
by this first pass-like effect. To facilitate transendothelial pas- 
sage and migration into the infarcted zone, cells were infused by 
h.gh-pressure injection directly into the necrotic area, and the 
balloon was kept inflated for 2 to 3 minutes; the cells were not 
washed away immediately under these conditions. 

The time point for delivery was chosen as 7 to 8 days after 
infarction onset for the following reasons: 

(I) In dogs, infarcted territory becomes rich in capillaries 
and contains enlarged, pericyte-poor "mother vessels" 
and endothelial bridges 7 days after myocardial ische- 
mia and reperfusion. Twenty-eight days later, a signif. 
icam muscular vessel wall has already formed." Thus, 
with such timing, cells may be able to reach the worst 



damaged parts and at the same time salvage tissue 
Transendothelial cell migration may also be enhanced 
because an adequate muscular coat is not yet formed. 

(2) Until now, only one animal study has attempted to 
determine the optimum time for cardiomyocyte trans- 
plantation to maximize myocardial function after LV 
injury. Adult rat hearts were cryoinjured and fetal rat 
cardtomyocytes were transplanted immediately 2 
weeks later, and 4 weeks later. The authors discussed 
the inflammatory process, which is strongest in the 
first days after infarction, as being responsible for the 
negat.ve results after immediate cell transplantation 
and they assumed that the best results seen after 2 
weeks may have been due to transplantation before 
scar expansion." Until now. however, no systematic 
experiments have been performed with BMCs to cor- 
relate the results of transplantation with the length of 
such a time delay. 

(3) Another important variable is the inflammatory response 
m Ml, which seems to be a superbly orchestrated inter- 
actton of cells, cytokines, growth factors and extracellular 
matrix proteins mediating myocardial repair. In the first 
48 hours, debridement and formation of a fibrin-based 
provisional matrix predominates before a healing phase 
ensues."-"" Moreover, vascular endothelial growth factor 
is at its peak concentration 7 days after Ml, and the 
decline of adhesion molecules (intercellular adhesion 
molecules, vascular cell adhesion molecules) does not 
take place before days 3 to 4 after MI. We assumed that 
transplantation of mononuclear BMCs within the "hot" 
phase of post-MI inflammation might lead them to take 
part in the inflammation cascade rather than the formation 
of functional myocardium and vessels. 

Taking all of this into account, we can conclude that cell 
transplantation within the first 5 days after acute infarction is not 
possible for logistical reasons and is not advisable because ofthe 
inflammatory process. On the other hand, transplantation 2 
weeks after infarction scar formation seems to reduce the benefit 
of cell transplantation. Although the ideal time point for trans- 
plantation remains to be defined, it is most likely between days 
7 and 14 after the onset of MT, as in the present study. 

This trial was designed as a phase I safety and feasibility trial 
meaning that no control group is necessarily required. However' 
to validate the results, we correlated them with those obtained 
from 10 patients who refused to get additional cell therapy and 
thus received standard therapy alone. We are aware ofthe fact 
that such a comparison does not reach the power of a randomly 
allocated, blinded control group. However, the significant im- 
provement with regard to infarct region, hemodynamics (stroke 
volume index), cardiac geometry (LV end-systolic volume) and 
contractility (P.^ESV and infarction wall movement velocity) 
did confirm a positive effect of the additional cell therapy 
because the changes observed in the standard therapy group 
failed to reach significance. 

Another important factor for interpreting the results is time 
interval between onset of symptoms and revascularization ofthe 
mfarcl-related artery by angioplasty; this represents a crucial 
determinant of LV recovery. For patients with acute Ml. it has 
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been shown that if the time interval is >4 hours, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy. 41 None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
I2i 10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mild and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data.- 1 In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters, 
which may be attributed to BMC-mediated coronary angioneogen- 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs, 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist, 
and no side effects were observed at any point of time. The 
therapeutic benefit for the patient's heart seems to prevail. 
However, further experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute Ml 
in humans. 
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ITEM NO. 25 



Supplemental Declaration of Dr. Andrew E. Lorincz 
filed on February 17, 2004 



Appellant's Appeal Brief 
Evidence Appendix 
May 27, 2009 



Docket No. 1000-10-COl 
SUPPL LORINCZ DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 
GROUP ART UNIT: 1646 



SUPPLEME NTAL DECLARATION OF ANDREW E. LORINCZ. M P. 

I, Andrew E. Lorincz, declare as follows: 

I reside at 13820 NW County Rd 235, Apt 8, Alachua, FL 32616-2098. 

This Supplemental Declaration is submitted in addition to my previously 
submitted Declaration in this application, dated June 9, 2003, and makes no 
changes to such previous Declaration. 

My Curriculum Vitae is attached as Exhibit A to my previous Declaration. 

I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as read and understood 
by me in my previous Declaration. A copy of such disclosures is attached hereto 
as Supplemental Exhibit A. 
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5. I note that the disclosures referenced in above Paragraph 4 relate to using a 
growth factor for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a 
human heart by growing new muscle in the heart. 

6. I have read and understood the claims set forth in Supplemental Exhibit B and 
have been informed that such claims will be presented to the Patent and 
Trademark Office in the near future. 

7. Based upon above Paragraphs 4-6 and Paragraph 7 of my previous Declaration, it 
is my opinion that introducing a growth factor into a human patient will 
predictably cause new muscle growth in the heart of the patient. 

8. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in such paragraphs, would be able to practice the 
method set forth in Supplemental Exhibit B without need for resorting to undue 
experimentation. I have been informed that the Examiner has questioned the fact 
that dosages are not recited in the specification of the above-identified application 
in connection with the administration of cell growth factors to a human patient 
with use of intravenous or intraluminal techniques. Such techniques are the 
subject of claims 248-249 in above-mentioned Supplemental Exhibit B. In my 
opinion, dosages of cellular growth factors to achieve the above-mentioned heart 
muscle growth are a matter of routine medical practice, requiring only a 
reasonable degree of experimentation, depending upon such factors as extent of 
prior heart condition, size of patient, age of patient, health of patient, etc. 
Consequently, it is my opinion that the disclosure mentioned in Supplemental 
Exhibit A would enable a person skilled in the medical arts to practice the 
invention of claims 248-249 and predictably anticipate the results defined therein 
without need for resorting to undue experimentation. 
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Declarant states that the above opinion was reached independently. 



Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made ■ 
information and belief are believed to be true. 

Further Declarant sayeth not. 



Date: 
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SUPPLEMENTAL EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues' 1 like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 



- Al - 



by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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SUPPLEMENTAL EXHIBIT B 
CLAIMS 

APPLICATION SERIAL NO. 09/836,750 



236. A method of growing a new portion of . pre-existing heart comprising the steps of 
Placing a growth factor in a body of a human patient and growing new muscle and 
growing a new artery in said heart. 

238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 

239. The method of claim 236, further comprising repairing a damaged portion of said 
heart. 

240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

241 . The method of claim 240, wherein said genetic material comprises a gene. 
The method of claim 241, wherein said gene comprises VEGF. 
The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

The method of claim 243, wherein said growth factor comprises a cell 
The method of claim 244, wherein said cell is multifactorial and non-specific. 
246. The method of claim 245, wherein said cell comprises a stem cell. 



242 
243 



244. 

245. 
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247. 



The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 
The method of claim 236, wherein said growth factor is placed in said patient by a 



251 



carrier. 



252. The method of claim 251, wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 
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Docket No. 1000-10-COl 
SECOND SUPPL LORINCZ DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 
GROUP ART UNIT: 1646 



SECOND SUPPLEMENTAL DECLARATION 
OF ANDREW E. LORINCZ. M P. 

I, Andrew E. Lorincz, declare as follows: 

1. I reside at 13820 NW County Rd 235, Apt 8, Alachua, FL 32616-2098. 

2. This Second Supplemental Declaration is submitted in addition to my previous 
Declaration dated June 5, 2003 and my Supplemental Declaration dated February 
3, 2004. No changes are made to either of such previous Declarations. 

3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my previous 
Declaration. 

4. It is my understanding that the Examiner in charge of the above-identified patent 
application, in an Office Action dated June 1, 2004 for related patent application 
Serial No. 09/794,456, questioned my qualification, for the first time, to render 
my previous opinions mentioned in above Paragraph 2. It is my further 
understanding that the basis for such questioning was that the Examiner noted that 
I did not report experience with cellular therapy. I desire to provide the 
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information contained in following paragraph 5 so that the Examiner can consider 
such information in this application, as well. 

In addition to the qualifications set forth in my CV, I am familiar with stem cell 
technology, including bone marrow preparation. 

I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 1 0 through page 2 1 , line 1 5 ; and page 44, line 1 9 
through page 46, line 16. Such disclosures are the same as I read and understood 
in my previous Declaration and Supplemental Declaration. A copy of such 
disclosures is attached hereto as Second Supplement Declaration Exhibit A. 

1 note that the disclosures referenced in above Paragraph 6 relate to using a 
growth factor for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a human 
heart by growing new cardiac muscle in the heart. 

I have read and understood the claims set forth in Second Supplemental 
Declaration Exhibit B and have been informed that such claims are currently 
presented in this application. 

Based upon above Paragraphs 6-8, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in such paragraphs, would be enabled to practice 
the method set forth in Second Supplemental Declaration Exhibit B and to 
predictably anticipate the results defined therein without need for resorting to 
undue experimentation. 

I believe that one skilled in the medical arts, upon reading the disclosures in 
above Paragraph 6, would understand that cellular growth factors, such as 
multifactorial and non-specific cells, are included in such disclosures. Moreover, 
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such skilled person would understand the disclosure on page 45 to be authored as 
an illustration of various modes of delivery of growth factors, whether they are 
genes or other genetic material; and that such skilled person would further 
understand that the disclosures on pages 45 and 46 describe genetic material to 
include appropriate cells and genes. 



11. 



Declarant states that the above opinion was reached independently. 



Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 



Date: v-"- ot f (UcL^ ?. 




Andrew E. Lorincz, M.D. 
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SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT A 

DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 



PAGE 20. LINE 10 - PAGE 21. LINF. 1 S 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinanl growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
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other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 44. LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
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connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoters), or any 
other desired auxiliary cornponent(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminal^, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
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heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT B 



CLAIMS 

APPLICATION SERIAL NO. 09/836,750 



236. A method of growing a new portion of a pre-existing heart comprising the steps of 
placing a growth factor in a body of a human patient and growing new cardiac 
muscle and growing a new artery in said heart. 

238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 

239. The method of claim 236, further comprising repairing a damaged portion of said 
heart. 

240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

241. The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF, 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 
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247. The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 
The method of claim 236, wherein said growth factor is placed in said patient by ; 



251 



carrier. 



252. The method of claim 25 1 , wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 

254. A method of growing a new portion of a pre-existing organ comprising placing a 
growth factor in a body of a patient to grow new muscle in said organ. 

255. The method of claim 254, wherein said organ comprises a heart. 

256. The method of claim 255, wherein said new muscle comprises cardiac muscle and 
said growth factor comprises a stem cell. 
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DETAILED ACTION 
Status of Application, Amendments, And/Or Claims 

The amendment received 26 June 2006 has been entered in full. Claims 1-5, 
237, and 254-256 are canceled. Claims 6-235 and 240-242 remain withdrawn from 
consideration as being directed to a non-elected invention. Claims 236, 238, 239, 243- 
253, and 257-287 are under examination. 

The fourth supplemental declaration of Dr. Heuser under 37 CFR 1.132 and third 
supplemental declaration of Dr. Lorincz under 37 CFR 1.132 submitted with the 
response have been entered. A copy of the third supplemental declaration of Dr. 
Heuser under 37 CFR 1.132 has also been received. 

The text of those sections of Title 35. U.S. Code not included in this action can 
be found in a prior Office action. 

As an initial matter, it is noted that Applicant comments upon alleged procedural 
errors. The record has been reviewed and no errors in procedure have been noted. 
Therefore, these comments will no longer be addressed further. 

35 U.S.C. §112, First Paragraph, New Matter 

Claims 248, 249, 252, and 274-279 are rejected under 35 U.S.C. 112, first 
paragraph, as failing to comply with the written description requirement. The claim(s) 
contains subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention. This is a new matter 
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rejection. The specification, as originally filed, does not contain support for intravenous, 
intraluminal, or angioplasty delivery of cells. 

Applicant's arguments (pp. 41-51, amendment received 26 June 2006) have 
been fully considered but are not found to be persuasive for the following reasons. 

Applicant points to p. 45, line 1 to p. 46, line 16 for supporting language. This is 
not found to be persuasive because intravenous, intraluminal, and angioplasty delivery 
are described as being useful for genes, proteins, or other genetic material, but not for 
cells. The specification does not include cells in its discussion of "genetic material." For 
example, p. 31 , lines 1 1-13 state, "...the genetic material comprises comparable 
artificially produced genes, or genes harvested from other human beings or animals." 
Applicant argues that the prior art teaches angioplasty delivery of cells, and thus 

the new matter rejection with regard to angioplasty balloon delivery of cells is incorrect. 

This has been fully considered but is not found to be persuasive because written 

description support for claimed subject matter must be in the specification as originally 

filed. 

Applicant relies on pp. 20, 21 , 46. 45. and 44 of the specification for their 
assertion that "genetic material" includes cells. This has been fully considered but is not 
found to be persuasive because these sections do not clearly indicate that "genetic 
material" includes cells. The specification defines "growth factors" as comprising cells, 
hut does not define "genetic material" as comprising cells. For example, p. 31 . lines 1 1 - 
13. of the specification states "...the genetic material comprises comparable artificially 
produced genes, or genes harvested from other human beings or animals." Page 32. 
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lines 8-9 state "genetic material can comprise comparable artificially produced genes or 
genes removed from another animal or otherwise generated." Page 35, line 4 clearly 
distinguished between growth factors (defined as encompassing cells) and genetic 
material: 'genetic material plus growth factor(s) are implanted..." Page 35. lines 12-14 
states "Genetic material is well conserved in nature. The Drosophila eyeless gene (ey), 
the mouse small ey gene (pax-6), and the Aniridia gene in humans are all homologous." 
Page 36, lines 25-26 state "Genes control structure and function. A gene or a bit of 
genetic material may act as a master control gene..." Clearly, the specification uses 
"genetic material" as pertaining to nucleic acids such as genes. It is also noted that one 
skilled in the art would only interpret "assistance of a vector," recited in the same 
sentence that uses "genetic material," as only applying to nucleic acids (genes or RNA 
or cDNA, etc.). 

Applicant points to r. a p on v Fshhar v. Dudas . 03-1480-1481 (CAFC 2005) as 
controlling precedent that 112 does not require recitation in the specification of features 
already known by workers in the technological field to which the invention is directed. 
Applicant urges that the examiner's distinction over Capon regarding products or 
method steps is inapt. This is not found to be persuasive because the instant fact 
pattern is still found to be distinct from that in the case law cited by Applicant. Capon v. 
Esnnar , 76 USPQ2d 1078 (CAFC 2005) concerns whether or not claims to chimeric 
DNA molecules are adequately described by a generic description. The issue here is 
not whether or not workers in this technology already knew the features of the cells 
recited in the claims; rather, the issue is that the instant specification did not set forth 
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contemplation of a method step wherein cells were administered intravenously, 
intraluminal^, or via angioplasty. 

Applicant argues that the examiner's reliance on Lockwood v. American Airlines, 
Inc. , 107 F.3d 1565, 1572, 41 USPQ2d 1961, 1966 (Fed. Cir. 1997) is inappropriate 
since it also concerns products and not methods, and thus is contradictory to the 
examiner's position regarding Capon . This has been fully considered but is not found to 
be persuasive. The issue in Capon speaks to the relevance of what the skilled artisan 
already knew about cells. However, there was no question of whether or not the cells 
were set forth in the specification as part of the invention. Lockwood discusses how a 
specification can show possession of an invention. In the instant case, it does not 
appear that the originally filed specification set forth contemplation of the administration 
of cells intravenously, intraluminal^, or via angioplasty balloon as being part of the 
invention. At best, the case law may be somewhat contradictory, and thus is an issue 
for the Board of Appeals to determine. 

Applicant refers to the supplemental declarations of Drs. Heuser and Lorincz, the 
fourth supplemental declaration of Dr. Heuser, and the third supplemental declaration of 
Dr. Lorincz, specifically, point 10 of each. Applicant refers to the second supplemental 
declarations of Drs. Heuser and Lorincz, paragraphs 6 and 10. The declarations have 
been reviewed again. It is the opinion of Drs. Heuser and Lorincz that the 
specification's use of the term "genetic material" includes cells. Such constitutes 
evidence relevant to the issue. However, the specification, for example at pages 31, 32, 
35, and 36, uses the term "genetic material" to describe genes. Furthermore, the art 
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clearly uses the term "genetic material" to mean nucleic acids, not cells. For example, 

the textbook definition of genetic material set forth in Glossary of Genetics and 

Cytogenetics (fourth edition, 1976, Rieger et al., eds., p. 237) is provided in Appendix A. 

The definition for genetic material is: 

"the carrier of primary genetic information: single or double-stranded -> 
deoxyribonucleic acid (single in some, double in most bacteriophages, 
bacteria and higher organisms), or -> ribonucleic acid (in RNA-viruses). 
G. M. must fulfill at least two fundamental functions: 1. serve as a template 
for its own -> replication ("autocatalytic function"), 2. provide a template for 
the synthesis of other classes of macromolecules (specifically proteins), 
i.e., supply the structural and regulatory information it contains to the 
protein-synthesizing machinery of the cell ("heterocatalytic function"). 

Thus, it is a basic tenet of biology that cells do not constitute genetic material, they 
contain genetic material. It is noted that citing this reference does not constitute a new 
grounds of rejection. Rather, it is supporting a rejection of record. 

Applicant refers to a definition from Wikipedia and pages from a publication 
called "The Cell Nucleus" to support their assertion that cells contain genetic 
information. The examiner agrees completely as this is the crux of the issue. Cells 
contain genetic material, they do not constitute genetic material. The Wikipedia 
definition, in fact, clearly supports this point. 

Applicant argues that the examiner's indication that the specification defines 
"growth factors" as a genus comprising cells is fatal to the rejection, since p. 46, line 7 
indicates that growth factors are a type of genetic material. This is not found to be 
persuasive. The issue of whether or not the term "growth factors" includes cells was a 
difficult issue, since the specification contained contradictory statements. For example, 
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the line referred to by Applicant seems to indicate that cells are separate from growth 
factors, yet other portions of the specification list cells as belonging to the genus "growth 
factors." Therefore, the sentence relied upon by Applicant is inherently contradictory. 

Applicant urges that the rejection is incorrect when taking the restriction 
requirement into consideration. Such has been considered but is not found to be 
persuasive because the elected invention is directed to administration of cells 
intravenously, intraluminal^, or via angioplasty balloon. The specification does not 
support this concept by an adequate written description. 

Applicant concludes that the rejection is improper and hypertechnical in view of 
the case law and the numerous 132 declarations by Drs. Heuser and Lorincz. This has 
been fully considered but is not found persuasive for the reasons cited above. 
Specifically, statements at pp. 31, 32, 35, and 36 of the specification indicate that cells 
are not considered part of the term "genetic material." Also, the literature clearly 
indicates that cells contain genetic material, but do not constitute genetic material (see 
Appendix A, and the Wikipedia definition submitted by Applicant). 

35 U.S.C. § 112, First Paragraph, Enablement 

Claims 236, 238. 239, 243-253, and 257-287 are rejected under 35 U.S.C. 112, 
first paragraph, as failing to comply with the enablement requirement. The claim(s) 
contains subject matter which was not described in the specification in such a way as t 
enable one skilled in the art to which it pertains, or with which it is most nearly 
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connected, to make and/or use the invention. The basis of this rejection is of record, but 
is re-printed here as per Applicant's request. 

The claims require formation of a "new" artery. Applicant has defined a new 
artery as an organ comprising two or more kinds of tissues joined into one structure that 
has a certain task in the circulatory system. In Applicant's remarks section of the 
amendment received 17 February 2004, Applicant appears to imply that the "new 
artery" recited in the claims must be formed de novo, and not merely repair, growth or 
re-direction of an existing artery. See the discussion regarding fusion versus formation 
of new cells. 

The courts have determined several factors to be considered in making a 
determination of whether or not undue experimentation would have been required of the 
skilled artisan to make and use the claimed invention (In re Wands, 858 F.2d 731, 8 
USPQ2d 1400 (Fed. Cir. 1988)). These are: 

1) quantity of experimentation required, 

2) amount of direction/guidance presented in the specification, 

3) presence or absence of working examples, 

4) nature of the invention, 

5) state of the prior art, 

6) level of skill of those in the art, 

7) predictability, and 

8) breadth of the claims. 



Application/Control Number: 09/836,750 Pa 9 e 9 

Art Unit: 1646 

1) In the instant case, the quantity of experimentation required would be very 
large. Applicant's attention is directed to pp. 1916 to 1918 of Strauer (of record, 2002. 
Circulation 106:1913-1918), who review the crucial questions that had to be addressed 
while designing and realizing their trial of administering stem cells to human patients to 
repair damaged heart tissue. These included decisions regarding what cell population 
to use, what delivery method to use, and when cells should be transplanted. As can be 
seen from pp. 1916-1918, these were not simple or routine matters and involved great 
quantities of experimentation. In fact, one can see that the determinations of these 
details involved the act of invention. 

2) The specification provides no guidance along the lines of the details worked 
out by Strauer. The specification broadly asserts that the administration of cells can 
achieve diverse effects, including growth of any "hard" tissue or "soft" tissue (p. 20), 
formation of entire new organs (p. 32) or portions of organs (p. 46), restoration of 
function in any organ (p. 47), formation of auxiliary organs (p. 49), correction of necrosis 
(p. 49), replacement of missing limbs or body parts (p. 50), treatment of inflammation (p. 
50), correction of musculoskeletal injuries or deficiencies (p. 50), formation of hybrid 
organs (p. 50), etc. No guidance or details are provided as to how to achieve these 
remarkable effects, most of which have never been achieved in this art to this day. The 
courts have stated that "[pjatent protection is granted in return for an enabling 
disclosure of an invention, not for vague intimations of general ideas that may or may 
not be workable", n^ntech Inc. v. Novo Nordisk A/S (CAFC) 42 USPQ2d 1001 
(1997). The courts have also stated that "[t]ossing out the mere germ of an idea does 
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not constitute an enabling disclosure... [Reasonable detail must be provided in order to 
enable members of the public to understand and carry out the invention" ( Genentech 
Inc. v. Novo Nordisk A/S , supra). 

3) The specification contains only prophetic examples. In fact, none of the 
prophetic examples are directed to administration of cells to grow a new artery, thus 
repairing a dead or damaged portion of a heart. Therefore, there are no examples, 
working or prophetic, directed to the elected invention. 

4) The nature of the invention is highly complex, as evidenced by all of the 
publications of record, including Strauer. All inventions involving administration of active 
agents of any kind to a patient to achieve a physiological reaction are complex. 

5) The state of the art does not support the specification's (and claims') assertion 
that a new artery can be grown. None of the numerous post-filing date publications put 
on the record by Applicant to support enablement of the claimed invention report the de 
novo growth of an artery as defined by Applicant, including Strauer. 

6) The level of skill in the art is admittedly high. 

7) The invention is unpredictable, as it involves administering active agents to a 
living patient to achieve a physiological response. As was found in Ex parte Hitzeman, 

9 USPQ2d 1821 (BPAI 1987), most chemical reactions and physiological activity involve 
unpredictable factors. See also In re Fisher , 427 F.2d 833, 839, 166 USPQ 18, 24 
(CCPA 1970); Amqen Inc. v. Chuqai Pharmaceutical Co. Ltd. , 927 F.2d 1200, 1212, 18 
USPQ2d 1016, 1026 (Fed. Cir.), cert, denied , 502 U.S. 856 (1991). 
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8) The breadth of the claims is quite large. The elected invention is directed to a 
method of administering any type of cell to an undefined area of a human body to grow 
new cardiac muscle and a new artery (of any type or location) to achieve growth of a 
new portion of a pre-existing heart. 

Due to the large quantity of experimentation necessary to determine how to 
effectively administer cells to achieve de novo formation of cardiac muscle and an artery 
and thereby grow a new portion of a pre-existing heart, the lack of direction/guidance 
presented in the specification regarding the same, the absence of working examples 
directed to the same, the complex nature of the invention, the contradictory state of the 
prior art, the unpredictability of the effects of an agent on a physiological response, and 
the breadth of the claims which fail to recite limitations regarding cell type or dosage or 
site of delivery, etc., undue experimentation would be required of the skilled artisan to 
make and/or use the claimed invention in its full scope. 

Additionally, claims 248, 249, and 274-277 are directed to a method of 
administering cells to a human patient via intravenous or intraluminal injection to form 
new cardiac muscle and a new artery and cause growth of a new portion of a pre- 
existing heart (cl. 248, 249) and repair of dead/damaged portion of said heart (cl. 274- 
277) Such raises an additional enablement issue for the following reasons. 
"Intravenous" is a term of art meaning administration into a vein. By definition, a vein is 
a blood vessel that leads toward the heart. "Intraluminal" is a term of art meaning 
administration into a "lumen" or cavity, such as the abdominal space or a blood vessel. 
It is noted that injection into the myocardium is an example of intramuscular 
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administration, not intraluminal administration. Intraluminal administration into a heart is 
when a substance is injected directly inside a chamber of the heart. The specification 
provides no detailed definitions of "intravenous" or "intraluminal" and thus the common, 
art-accepted definitions provided above are used herein to interpret the claims. 

Again considering the guidelines set forth in In re Wands, supra, in the instant 
case, the quantity of experimentation required would be very large. The claims require 
administration of cells by intravenous or intraluminal injection to repair a dead or 
damaged portion of a heart. Administration of cells at a site distant to the site at which 
the cells are intended to adhere and grow had not been achieved in this art at the time 
of the invention. A great amount of experimentation would be required to determine 
how to administer the cells other than at the site of heart death/damage, cause the cells 
to travel to the site of heart death/damage, and then cause the cells to adhere such that 
repair of the dead/damaged heart portion could be achieved. 

The amount of direction/guidance presented by the specification regarding these 
types of delivery is minimal. The words "intravenous" and "intraluminal" are used at p. 
45 of the specification, and are restricted to the administration of VEGF proteins, not 
stem cells. The specification is silent with respect to overcoming the expected 
obstacles of targeting stem cells that are administered intravenously or intraluminal^ to 
the dead/damaged portion of the heart where they can adhere and exert their repairing 
effects. Thus, the skilled artisan is left with an invitation to experiment to determine how 
to administer cells intravenously or intraluminal^ as required by the claims. 
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There are no working examples directed to administering stem cells to dead or 
damaged portions of a heart. Although the specification contains prophetic statements 
that stems cells can be administered to a dead or damaged portion of a heart to repair 
the heart, no actual experiments or data were disclosed. 

The nature of the invention is extremely complex. Evidence of this can be found 
in the relevant art. As stated in Murry et al. (of record, 1996, J, Clin. Invest. 98:2512- 
2523), "the goal of limiting myocardial injury has been difficult to achieve clinically, 
because ischemic myocardium dies quite rapidly and most patients wait more than 3 h 
after coronary occlusion before seeking medical attention" (p. 2512, Introduction). 

The state of the prior art indicates that only localized injection of cells can 
successfully treat damaged myocardium. See Murry et al. {supra), Klug et al. (1996, J. 
Clin. Invest. 98:216-224), Oakley et al. (2001 , Ann. Thorac. Surg. 71:1724-1733), Chiu 
et al. (1995, Ann. Thorac. Surg. 60:12-8), Yoon et al. (1995, Tex. Heart Inst. J. 22:119- 
125), Koh et al. (1993, J. Clin. Invest. 92:1548-1554), Van Meter et al. (1995, J. Thorac. 
Cardiovasc. Surg. 110:1442-1448), and Koh et al. (1995, J. Clin. Invest. 95:114-121). 
All used intramuscular injection of cells directly into the myocardium. 
The level of skill of those in the art is admittedly high. 
The art is considered unpredictable, since it could not be predicted if cells 
administered intravenously or intraluminal^ would reach the site of heart death/damage. 
Also, the courts have acknowledged that inventions utilizing biological systems are 
unpredictable. As was found in Ex parte Hitzeman , 9 USPQ2d 1821 (BPAI 1987), a 
single embodiment may provide broad enablement in cases involving predictable 
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factors such as mechanical or electrical elements, but more will be required in cases 
that involve unpredictable factors such as most chemical reactions and physiological 
activity. See also In re Fisher , 427 F.2d 833, 839, 166 USPQ 18, 24 (CCPA 1970), 
Amaen Inc. v. Chuqai Pharmaceutical Co. Ltd. , 927 F.2d 1200, 1212, 18 USPQ2d 1016, 
1026 (Fed. Cir.), cert, denied . 502 U.S. 856 (1991). In the instant case, not even one 
single embodiment has been exemplified for this unpredictable system. 

The claims are considered broad, since no details of the administration method 
other than "intravenous" or "intraluminal" are recited. For example, no dosages or 
targeting molecules are recited. No specific types of cells that would be expected to 
travel to the desired site are recited. 

Due to the large quantity of experimentation necessary to determine how to 
administer cells intravenously or intraluminal^ to achieve growth of a new portion of a 
distant pre-existing heart, the lack of direction/guidance presented in the specification 
regarding the same, the absence of working examples directed to the same, the 
complex nature of the invention, the contradictory state of the prior art, the 
unpredictability of targeting cells to a distant site, and the breadth of the claims, it is 
determined that undue experimentation would have been required of the skilled artisan 
to practice the claimed methods. 

Applicant's arguments (pp. 51-104, amendment received 26 June 2006) have 
been fully considered but are not found to be persuasive for the following reasons. 

Applicant states that they understand the rejection to be based upon a lack of 
enablement for the administration of cells by intravenous and intraluminal techniques to 
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a human patient to grow new cardiac muscle and a new artery and thus grow a new 
portion of a pre-existing heart. Applicant argues that the examiner incorrectly 
interpreted the claims as requiring repair of dead/damaged heart tissue. Applicant 
states that the USPTO is obligated to apply uniform standards of examination to 
maintain prosecution integrity and thereby ensure that administrative due process is 
accorded to all applicants. Applicant states that the examiner has applied inconsistent 
standards in concurrent examinations of the instant application and that of recently 
granted U.S. Patent 6,844,312 (Weiss). Applicant compares the instant application with 
the Weiss patent. Applicant's arguments have been fully considered but are not found 
to be persuasive. First, claims 274-277 now require repair of dead/damaged heart 
tissue. Next, each application is examined on its own merits, and the actions taken in 
the Weiss patent have no bearing on the instant procedure. Also, none of the claims in 
Weiss recite intravenous or intraluminal injection of cells. Furthermore, the therapeutic 
result required by the claims is different, the filing dates are different, the state of the art 
for each invention is different, and the disclosures are different. There has been no 
gross inconsistency on the part of the examiner. 

Applicant reviews the legal standard for enablement with which the examiner 

takes no issue. 

Applicant argues that the questioned intravenous and intraluminal administration 
techniques were well established in the medical arts prior to Applicant's invention. 
Applicant argues that cells, including stem cells, were well known and characterized 
prior to the invention. Applicant points to the existence of stem cell banks. Applicant 
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argues that Dr. Elia's contribution to the medical arts was that an artery can be grown 
and a human heart repaired through use of a new combination of old administration 
techniques and old cellular materials. Applicant urges that one skilled in the medical 
arts would be enabled to make and use the claimed invention without resorting to more 
than routine experimentation based on the instant disclosure. Applicant also points to 
the expert opinions of Drs. Heuser and Lorincz as confirming this statement. This has 
been fully considered but is not found to be persuasive. The invention defined in claims 
16. 17, 30, 31, and 47-52 is directed to a method of repairing a dead or damaged 
portion of a pre-existing heart comprising placing cells at a selected area of a human 
patient; and forming a new artery, thereby causing said dead or damaged portion of 
said hear to be repaired; wherein the cells are administered by intravenous or 
intraluminal injection. These claims thus require that the cells be administered at a 
location other than the site of the injury (e.g., the myocardium). The original rejection 
carefully considered all of the factors relevant to the question of enablement and 
whether or not undue experimentation would have been required of the skilled artisan to 
make and use the claimed invention. Please see pp. 4-8 of the non-final office action 
mailed 28 November 2003. Regarding the contributions of Dr. Elia to the art, such 
appears to be more relevant to the issue of novelty and obviousness than to the issue of 
enablement. The Heuser and Lorincz declarations will be addressed in turn. 

Applicant states that the only evidence relied upon by the examiner is the Strauer 
et al. and Deb et al. publications. Applicant argues that the high-pressure, angioplasty 
balloon injection technique of Strauer was not a "specialized form of intraluminal 
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delivery" as characterized be the examiner. Applicant argues that, whether or not the 

technique of Strauer was "specialized," it is allegedly evident that many other 

techniques may be used to perform the claimed method. Applicant refers to Wollert et 

al. (2004, Lancet 364:141-148) as achieving the required results using only a simple 

infusion of cells rather than a high pressure injection of cells. Applicant urges that, while 

the examiner has made an unsupported assertion to the contrary (in the advisory action 

at pp. 17-18), Wollert does not report high pressure injection and still achieves heart 

repair. Applicant concludes that the disclosure's failure to mention high pressure is of 

no moment because Wollert shows that lower pressure is operative. This has been fully 

considered but is not found to be persuasive. It is important not to lose sight of the fact 

that the claims recite intraluminal injection. This encompasses injection of cells into any 

lumen, which includes veins, arteries, intestines, intraperitoneal cavity, etc. Both 

Strauer and Wollert are limited to intraluminal injection into the infarct-related coronary 

artery, right at the site of the injured tissue. Thus, Strauer and Wollert do not constitute 

evidence to support enablement commensurate in scope with the claims. Regarding 

the high pressure injection question, Wollert discloses: 

"6-8 h after bone-marrow harvest, the final preparation of bone-marrow 
cells was infused into the infarct-related artery via the central lumen of an 
over-the-wire balloon catheter (Concerto, Occam International Eindhoven. 
Netherlands). To allow bone-marrow cells maximum contact time with the 
microcirculation of the infarct-related artery, the balloon was inflated inside 
the stent to transiently interrupt antegrade blood flow during infusions. The 
entire bone-marrow cell preparation was infused during four to five 
coronary occlusions, each lasting 2.5-4 min. Between occlusions, the 
coronary artery was reperfused for 3 min." (third page of the electronic 
form of the document attached to the response to the final action, received 
30 July 2004) 
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It is respectfully submitted that, while Wollert does not actually use the words "high- 
pressure," that the method was actually high-pressure to achieve "interrupt antegrade 
blood flow" for "2.5-4 min." during "four to five, coronary occlusions." High-pressure 
injection is necessarily achieved by a balloon catheter. The Wollert method is 
remarkably similar to the method used by Strauer: 

"Five to nine days after the onset of acute infarction, ells were directly 
transplanted into the infracted zone (Figure 1). This was accomplished 
with the use of a balloon catheter, which was placed within the infarct- 
related artery. After exact positioning of the balloon at the site of the 
former infarct-vessel occlusion, percutaneous transluminal coronary 
angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 minutes 
each. During this time, intracoronary cell transplantation via the balloon 
catheter was performed, using 6 to 7 high-pressure infusions of 2 to 3 mL 
cell suspension, each of which contained 1 .5 to 4X1 0 6 mononuclear cells. 
PTCA thoroughly prevented the backflow of cells ..." (p. 1914, 
emphasis added). 

In conclusion, both Strauer and Wollert use remarkably similar techniques to 
implant cells at the site of the infarct-related injury. Such does not constitute evidence 
commensurate in scope with the rejected claims, which merely recite intravenous or 
intraluminal injection of cells. Finally, It is noted that the instant specification only states 
that cells ("multifactorial and non-specific cells" or "stem cells" or "germinal cells") can 
be used to grow an organ or repair/replace dead or damaged heart tissue. No specific 
guidance regarding how to obtain appropriate cells, how io administer them, howio 
monitor success, etc. are provided. The Strauer and Wollert references provide 
evidence of the large quantity of experimentation that was still required after Applicant's 
claimed priority date in order to achieve some beneficial result. 
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Applicant argues that Strauer 2002 did not state that other administration 
techniques, such as intramuscular or intravenous, were inoperative but instead 
considered such techniques not as efficient as his technique. Applicant refers to 
Strauer 2003 as supporting intravenous administration as "easiest." Applicant refers to 
Phase I trials of Osiris as supporting enablement of intravenous administration of cells 
for heart repair. This has been fully considered but is not found to be persuasive. 
Strauer 2003 does not report any results after using intravenous administration, and 
cannot be interpreted as indicating that intravenous administration is easiest. 
Furthermore, the diagram in Strauer 2003 shows intravenous administration into a vein 
on the surface of the heart, not at a site distant from the heart. Osiris also does not 
report efficacy results. No experimental details are provided for either Strauer 2003 or 
Osiris, so it is impossible to determine if the evidence is commensurate in scope with 
the claims or if different methodologies or pharmaceuticals were used. 

Applicant argues that Strauer 2002 does not provide a side-by-side comparison, 
and thus the examiner's comments are speculative. Applicant refers to cf. Hormone 
Rp Rfia rch Foundation v Genentech. Inc .. 904 F.2d 1558. 15 USPQ 2d 1039 
(Fed.Cir.1990). Applicant argues that all an applicant is required to do is to provide a 
disclosure that one skilled in the art can understand and then follow to make and use 
the invention. Applicant concludes that any failure to disclose a later developed 
technique has no bearing upon enablement. This has been fully considered but is not 
found to be persuasive. Strauer 2002 clearly indicates that intravenous administration 
,s not expected to provide beneficial results. See p. 1917. left column, second 
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paragraph. The issue is not whether or not Applicant is required to foresee 
improvements, but whether or not sufficient guidance is present in the specification as 
originally filed to enable one skilled in the art to make and use the claimed invention 
without resorting to undue experimentation. The fact that the references published well 
after the claimed priority date reported the necessary development of techniques and 
materials to successfully achieve repair of damaged myocardium, wherein these 
techniques and materials are not disclosed in the instant specification, evidences the 
significant amounts of further experimentation that was required to achieve growth of a 
new portion of a pre-existing heart by administration of cells. Such development of new 
techniques and materials constitutes part of the act of invention. Regarding Hormone 
Research Foundation v. Genentech. Inc ., 904 F.2d 1558, 15 USPQ 2d 1039 
(Fed.Cir.1990), the court found that "[t]he '833 specification itself discloses that Dr. Li's 
claimed method had produced the material depicted in Figure 1 of the '833 patent and 
that such a material exhibited lactogenic activity. Evidence tending to support this 
assertion can be found in several of the journal articles of record." Thus, the disclosure 
at issue in Hormone Research Founda tion v Genentech. Inc. disclosed considerably 
more detailed disclosure compared to the instant application, included working 
examples and figures, and was supported by other published evidence. The instant fact 
pattern is more akin to that in Genentech Inc. v Nnvo Nordisk A/S (CAFC) 42 USPQ2d 
1001 (1997). The court stated that "[p]atent protection is granted in return for an 
enabling disclosure of an invention, not for vague intimations of general ideas that may 
or may not be workable". The court also stated that "[t]ossing out the mere germ of an 
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,dea does not constitute an enabling disclosure... [Reasonable detail must be provided 
in order to enable members of the public to understand and carry out the invention" 
( Genentech Inc. v. Novo Nordisk A/S , supra). 

Applicant again refers to the Weiss patent. The Weiss patent is not relevant to 
the issues of the instant application, since each application is examined on its own 
merits. 

Applicant argues that the examiner raised generalized concerns regarding 
properties and handling of cells in the prosecution of the instant application. Applicant 
characterizes these concerns as opinion rather than factual evidence. Applicant argues 
that properties of cellular materials were well established prior to the filing date and 
refers to several documents in support of such. Applicant argues that official notice can 
be taken that stem cell culture techniques have been known and used decades prior to 
Applicant's filing date, and that any skilled person in the medical arts would be familiar 
with the properties and stem cell handling techniques at issue. This has been fully 
considered but is not found to be persuasive. The rejection was based on evidence 
(see publications cited at p. 7 of the non-final office action mailed 28 November 2003, 
as well as Strauer and Wollert) and sound scientific reasoning, not mere opinion. 
Proper legal analysis of all of the Wands factors was set forth on the record (non-final 
off,ce action mailed 28 November 2003). The first of four pieces of evidence referred to 
by Applicant, the Caplan abstract, does not overcome the rejection. Caplan discusses 
the differentiation of cells in vitro into specialized cells for localized administration, and 
the use of cells as gene therapy vectors. Such is not relevant to the issue at hand. The 
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second piece of evidence. Merck has to do with cancer and does not appear to be 
relevant. The third piece of evidence, NIH report, lists results of a web search for 
"nonspecific growth factor" and also appears to be irrelevant to the issue at hand. The 
last piece of evidence, Exhibit III in the after final amendment, reviews traditional use of 
cells for cancers and immunotherapy, and newer uses as gene therapy vehicles. None 
of these treatments involve the systemic administration of cells to repair a distant organ. 

Applicant argues that administration of cells is old in the art. This point is 
conceded. 

Applicant argues that the examiner's statement regarding Deb et al., wherein it 
was acknowledged that cells administered intravenously could migrate to the art, should 
end all speculation regarding enablement of the claimed invention. This has been fully 
considered but is not found to be persuasive because Deb et al. do not demonstrate 
that cells can migrate to the heart in sufficient quantities to repair any defects. Deb 
discloses that only 0.23 + 0.06% of the cardiomyocytes were from the transplanted 
cells. Such numbers of cells are greatly insufficient to achieve the effects required by 
the claims. As evidence of this, Strauer 2002 administered 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which contained 1 .5 to 4 X 10 
mononuclear cells directly to the infarct site in order to achieve their effects. In fact, 
Strauer 2002 specifically points to shortcomings of intravenous administration at p. 
1917. The evidence as a whole indicates that intravenous administration of cells to 
repair a dead or damaged portion of a heart has not yet been achieved due to the 
obstacles involved with getting sufficient numbers of cells to the dead/damaged site and 
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preventing them from re-migrating away from the site. As this problem has not yet been 
solved in the literature, and no suggestions for solving the problem are suggested in the 
specification as originally filed, undue experimentation would be required of the skilled 
artisan to practice the claimed method to achieve the required result. 

Applicant argues that Deb et al. specifically suggest that human bone marrow 
can be used as a source of extracardiac progenitor cells capable of de novo 
cardiomyocyte formation at p. 2 of the conclusion section. This has been fully 
considered but is not found to be persuasive because Deb et al. do not suggest 
administration of bone marrow cells intravenously to achieve cardiomyocyte formation. 
Rather, they suggest that bone marrow can be used as a source. 

Applicant argues that Strauer 2002 and Wollert also provide evidence that cells 
can migrate to the infarct zone. This has been fully considered but is not found to be 
persuasive. Strauer 2002 and Wollert administered cells at the heart. Such is not 
commensurate in scope with "intravenous" or "intraluminal" administration, which reads 
on administration at sites far distant from the heart (e.g., a vein in the arm, the lumen of 
the intestinal tract). 

Applicant argues that the lack of teachings regarding dosages in Deb et al. is 
irrelevant since Deb et al. were not addressing repair of damaged heart tissue. 
Applicant argues that it would have been routine to administer cells multiple times to 
achieve the desired result. Applicant points to Strauer 2002 as not teaching that 
intravenous administration is inoperative. Applicant points to Strauer as using seven 
infusions, and p. 45 of the specification as suggesting sequential administrations of 
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growth factors. This has been fully considered but is not found to be persuasive. Deb 
et al. Page 45, lines 26-27 of the specification read as follows : 

"It may be necessary to provide gene(s) or growth factor(s) sequentially. For 
instance, one or more blood vessels are grown by inserting an appropriate gene or 
other genetic material into a selected area. Second, an appropriate gene or other 
genetic material is inserted in the selected area to grow a bone or other organ." 
Clearly, this section of the specification is directed to sequential administrations to 
achieve different effects. There is no guidance regarding multiple administrations to 
achieve one effect. Also, there is no guidance in the specification or the prior art 
regarding how many intravenous or intraluminal administrations of cells are needed to 
achieve growth of a new portion of a pre-existing heart. Deb et al., Strauer 2002, and 
Wollert cannot be relied upon to provide the missing guidance, since they were 
published after the instant filing date. 

Applicant argues Applicant argues that coupling Deb and Strauer is inappropriate 
since Deb is not concerned with growth of a new portion of a pre-existing heart. 
Applicant urges that the examiners' position is without evidence. Applicant argues that 
Strauer indicates that intravenous administration is operative. Applicant concludes that 
it was well within the skill of the art to select an appropriate number of cells and number 
of infusions. This has been fully considered but is not found to be persuasive. Since 
Applicant has relied on both Deb and Strauer, it was not inappropriate to point out 
deficiencies in the references. Strauer 2002 clearly teaches away from intravenous 
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administration. Finally, the concept of multiple administrations for a single effect does 
not appear to be disclosed in this specification. 

Applicant argues that "remigration" is not an insurmountable problem because 
Wollert succeeded. Applicant argues that the examiner has fabricated problems and 
that the invention need not be optimized in order to be patentable. This has been fully 
considered but is not found to be persuasive. Again, it is important to remember that 
Wollert is limited to intraluminal injection into the infarct-related coronary artery, right at 
the site of the injured tissue. Thus, Wollert does not constitute evidence to support 
enablement commensurate in scope with the claims, which encompass intravenous or 
intraluminal administration at any vein or lumen. Furthermore, the specification does 
not provide guidance along the lines of Wollert's use of large quantities of cells and 
multiple administration passages to overcome re-migration problems identified by others 
in this art. 

Applicant provides comments regarding the multiple declarations by Drs. Heuser 
and Lorincz. Applicant urges that Drs. Heuser and Lorincz are eminently qualified, and 
that the examiner has improperly dismissed the evidence of the declarations. Applicant 
argues that enablement is a question of fact. Applicant argues that the evidence 
indicates that only routine experimentation would have been required of the skilled 
artisan to make and use the claimed invention. This has been fully considered but is 
not found to be persuasive. There is no question that Drs. Heuser and Lorincz are 
distinguished doctors. However, in assessing the weight to be given expert testimony, 
the examiner may properly consider, among other things, the nature of the fact sought 
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to be established, the strength of any opposing evidence, the interest of the expert in 
the outcome of the case, and the presence or absence of factual support for the 
expert's opinion. See Ex parte Simpson , 61 USPQ2d 1009 (BPAI 2001), Cf. Redac 
Int l. Ltd. v. Lotus Development Corp. . 81 F.3d 1576, 38 USPQ2d 1665 (Fed. Cir. 1996), 
Paragon Podiatry Lab., Inc. v. KLM Lab.. Inc. , 948 F.2d 1182, 25 USPQ2d 1561, (Fed. 
Cir. 1993). The nature of the fact sought t be established is whether or not more than 
routine experimentation would have been required to practice the claimed invention in 
its full scope. This issue has been extensively addressed on the record with reference 
to the Wands factors and the publications of record. It is maintained that more than 
routine experimentation would have been required. The strength of opposing evidence 
has also been addressed extensively on the record. The post-filing date publications 
are filled with specific guidance necessary to achieve the desired results. This specific 
guidance is absent in the instant specification. Finally, the claims are incredibly broad, 
reciting general intravenous or intraluminal administration. The post-filing date art that 
achieves any growth of new portions of pre-existing hearts used specific administration 
methods that are not specifically pointed to in the specification. Regarding the interest 
of the experts in the outcome of the case, there is no evidence that there is any such 
interest. Finally, there is a question of the presence or absence of factual support for 
the expert's opinion. Mostly, the experts relied upon the specification itself, which has 
been separately addressed. However, some publications were also referred to. These 
have been addressed on the record. Thus, the declarations have been fully considered 
and a finding that the rejection should be maintained is proper. As an aside, it is 
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respectfully submitted that Applicant is mistaken in their statement that enablement is a 
question of fact. Case law has established that anticipation and operativeness are 
questions of fact; however, obviousness and enablement are questions of law. See In 
re Lindell , 155 USPQ 521; In re Chilowskv , 134 USPQ 515. Thus, while no weight is 
given to the experts' opinion regarding the ultimate legal conclusion of enablement, the 
underlying basis for the legal conclusion has been considered. 

Applicant next discusses the Wands factors. Again, the Wands factors have 
been extensively reviewed on the record. Applicant's arguments are duplicative of 
arguments already made and addressed on the record. In view of consideration of the 
preponderance of the totality of the evidence, the rejection is maintained. 

35 U.S.C. §112, Second Paragraph 

Claim 245 remains rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Applicant's arguments (pp. 36-41 , amendment received 26 June 2006) have 
been fully considered but are not found to be persuasive for the following reasons. 

Applicant argues that the rejection is inconsistent with the decision on a parent 
patent, 5,759,033. This has been fully considered but is not found to be persuasive. 
The prior examiner's position is not binding. Furthermore, in general, it is not the policy 
of the USPTO to perpetuate errors. When issues are first identified, they must be 
raised. 
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Applicant refers to the Philips decision. The same argument appeared in the 
response received 21 November 2005 and has already been addressed in the office 
action mailed 16 February 2006. 

Applicant refers to the declarations of Drs. Heuser and Lorincz. These have also 
already been addressed. 

Applicant refers to Exhibits as additional evidence in support of their position. 
While these references do, in fact, refer to proteins as multifactorial, they define the 
exact, specific effects the proteins have. Therefore, the entire phrase "multifactorial and 
non-specific" as it relates to cells, is still not defined. 

Applicant points to Strauer 2005, Caplan 1991, and Caplan 2001 as using the 
term "multifactorial" to describe cells. Strauer 2005 does not use the term multifactorial 
to describe cells. Rather, Strauer 2005 uses "four mechanisms" to describe 
"regenerative potential" and not cells perse. Also, Strauer 2005 only discusses bone 
marrow cells, which are already indicated by the specification as exemplary of 
"multifactorial and non-specific" cells, and thus does not provide evidence regarding 
what cells other than stem cells and germinal cells can be termed "multifactorial and 
non-specific." Regarding Caplan 1 991 , the examiner is at a loss as to how Applicant 
can conclude that the publication uses the term "multifactorial and non-specific" to 
describe MSCs from the quoted passages. Caplan 2001 uses the term "multifactorial" 
to describe the differentiation pathway, a process, and thus supports the examiner's 
position. 
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Applicant refers to Exhibit G. This describes a drug as a non-specific growth 
factor for megakaryocytes. This also does not resolve the issue since it does not 
address the question of what "mutlifactorial and non-specific" means in terms of cells. 

Applicant argues that the phrase "multifactorial and non-specific" has been used 
to describe or characterize the potentialities of stem, germinal, and pluripotent cells. 
This has been fully considered but is not found to be persuasive. While the phrase 
"multifactorial and non-specific cells" appears in the specification, there is no clear 
definition of what cell types are encompassed by the term, for the reasons of record. 
Page 37 of the specification states, "Multifactorial and nonspecific cells (such as stem 
cells and germinal cells) can provide the necessary in vivo and in vitro cascade of 
genetic material once an implanted master control gene's transcription has been 
activated" (emphasis added). The use of "such as" clearly implies that the term 
"multifactorial and non-specific cells" is intended to encompass cells other than stem 
cells and germinal cells. However, neither the specification nor the art disclose what 
these other cells are. In the absence of this information, the skilled artisan cannot 
determine the metes and bounds of the claims at issue. 

In conclusion, the term "multifactorial and non-specific cells," recited in claim 245, 
is not defined unambiguously in the art or in the specification, for the reasons set forth 
above. Therefore, the skilled artisan cannot determine the metes and bounds of the 
claimed invention, and the rejection is proper. 
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Double Patenting 

Claims 286 and 287 of this application conflict with the claims of Application No. 
09/794,456. 37 CFR 1.78(b) provides that when two or more applications filed by the 
same applicant contain conflicting claims, elimination of such claims from all but one 
application may be required in the absence of good and sufficient reason for their 
retention during pendency in more than one application. Applicant is required to either 
cancel the conflicting claims from all but one application or maintain a clear line of 
demarcation between the applications. See MPEP § 822. 



The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 
F 3d 1428 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 

37 CFR 3.73(b). , r 

Claims 286 and 287 are provisionally rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over the claims of copending 



Application No. 09/794,456. Although the conflicting claims are not identical, they a 
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not patentably distinct from each other because the instant and c-pending claims are 
generally directed to methods of repairing dead or damaged portions of a pre-existing 
heart by administering stem cells and forming a new artery. 

This is a provisional obviousness-type double patenting rejection because the 
conflicting claims have not in fact been patented. 

Conclusion 

No claims are allowed. 

Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly. THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
ma,led until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .1 36(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Elizabeth C. Kemmerer, Ph.D. whose telephone number 
is (571) 272-0874. The examiner can normally be reached on Monday through 
Thursday, 7:00 a.m. to 5:30 p.m. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Gary Nickol, Ph.D. can be reached on (571) 272-0835. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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